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abstract 

The  acceleration  in  the  bulk  of  printed  information  required  to  maintain  today's 
complex  systems  .is  described,  A  solution  to  this  maintenance  problem  is 
presented,  namely,  microfilming  and  storing  the  information  in  equipment  from 
which  it  can  be  randomly  retrieved  and  displayed.  Equipment  suitable  for  the 
storage  and  dissemination  of  technical  manual  information  at  the  point  of  use  is 
investigated.  Airline  technical  manual  microfilm  applications  are  reviewed. 

The  results  of  recent  military  maintenance  inforrra  tion  storage  and  presentation 
studies  and  applications  are  also  reviewed  and  critiqued.  The  following 
conclusions  are  reached:  - 


o  Acceptable  reader-printers  are  available.' 

o  Employment  of  the  new  display  equipment  and  microformatted 
information  systems  will  alleviate  many  of  the  current  technical 
manual  storage,  file  integrity,  retrieval  time,  updating  and 
distribution  problems, 

o  However,  the  solution  to  the  maintenance  dilemma  will  not  be  solved 

by  simply  microfilming  the  conventional  technical  manuals  and  employing 
the  new  display  equipment.  An  overhaul  of  existing  technical  manual 
specifications  (requirements  determination,  development  concept, 
content,  format  and  indexing  requirements)  is  recommended  so  that 
maximum  use  may  be  made  of  the  new  retrieval  and  display  equipment 
potential. 
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GLOSSARY 

Access,  Random 

The  process  of  obtaining  Information  from  or 
placing  information  into  a  memory  or  storage 
system  when  there  is  no  systematic  relation 
governing  the  successive  locations  or 
positions  involv'ed. 

Aircraft  Unscheduled 
Maintenance 

Those  unpredictable  maintenance  requirements 
(not  previously  planned  or  programmed),  which 
require  prompt  attention  and  must  be  added  to, 
integrated  with,  or  substituted  for  previously 
scheduled  workloads.  This  includes  compli¬ 
ance  with  technical  work  orders,  correction  of 
discrepancies  discovered  during  flight  or 
operation  of  equipment,  replacement  of 
unscheduled  accessory  failures,  and  performing 
repairs  required  as  a  result  of  accidents  or 
incidents. 

Aperture  Card 

A  punched  card  with  an  opening  specifically 
prepared  for  the  mounting  of  a  frame  or 
frames  of  microfilm.  Also,  tab  cards  that 
usually  have  one  frame  of  35mm  film  mounted 
within  an  aperture  cut  into  the  card.  The 
reduction  ratio  is  usually  16:1,  and  its  primary 
application  is  in  the  area  of  engineering 
drawings.  Each  aperture  card  usually  contains 
one  engineering  drawing. 

Automated  Tcclinical 

Data 

Refers  to  meclianical  or  electro-mechanical 
devices  which  perform  predetermined  sequence 
of  operations  to  retrieve  desired  teclinical 
information  from  storage  without  furtiier  human 
operator  assistance  after  initial  stimuli 
application.  The  automation  process,  through 
utili’.ing  various  degrees  of  automatic  control, 
improves  human  productivity  in  the  processing 
of  information  and  materials. 

Camera,  Planetary 
(Flat -Pod) 

A  type  of  microfilm  camera  in  wliich  the 
document  being  pliotographcd  and  the  film 
remain  in  a  stationary  position  during  the 
exposure. 
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GLOSSARY  (Continued) 

Camera,  Rotary 
(Flow) 

A  type  of  microfilm  camera  that  photographs 
documents  while  they  are  being  moved  by  some 
form  of  transport  mechanism.  The  docximent 
transport  mechanism  is  connected  to  a  film 
transport  mechanism,  and  the  film  also  moves 
during  exposure  so  there  is  no  relative  move¬ 
ment  between  thc  film  and  the  image  on  the 
document. 

Camera,  Step-and- 
Repeat 

A  type  of  microfilm  camera  that  provides  a 
series  of  latent  image  frames  in  a  predeter¬ 
mined  pattern  on  a  single  sheet  of  film. 

Character 

One  representation  of  a  numeric  digit,  letter 
of  the  alphabet,  or  any  other  symbols  that 
a  computer  may  read,  store,  or  write. 

Contact  Printing 

Reproductions  made  by  exposure  of  sensitized 
material  in  direct  contact  with  that  which  is 
being  copied. 

Diaio 

An  organic,  light-sensitive  dye  coated  on  a 
material  and  processed  by  ammonia  fumes 
or  an  alkaline  solution. 

Direct  Image  Film 

A  term  used  to  describe  thc  typo  of  film  that 
produces  a  negative  from  a  negative  and  a 
positive  from  a  positive  in  one  step. 

Direct  I’ositivc 

A  positive  image  obtained  directly  from 
another  positive  image  without  the  u.sc  of 
a  negative  intermediate.  This  process  will 
also  produce  a  negative  directly. 

Dummy 

A  detailed  layout  showing  thc  size  and  position 
of  all  elements  on  thc  j>ages  of  a  book  or  a  sec¬ 
tion  of  a  book.  Proofs  of  type  and  illustrations 
may  be  pasted  into  thc  layouts  (paste-up 
dummy).  A  sample  book,  usually  of  blank 
pages,  made  up  to  show  thc  size,  binding, 
quality  of  paper,  etc.  ,  for  a  projected  book. 
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Enlargement  Ratio 


Experienced  Mechanic/ 
Technician 


Film  Master 


Film  Frame 


Format 


Hard  Copy 


Human  Engineering 


Integrated  Data  Concept 


The  ratio  of  the  linear  measurement  of  a 
micro-image  of  a  document  to  the  linear 
measurement  of  the  enlarged  image, 
expressed  as  15x,  20x,  etc. 

A  mechanic  properly  trained  in  a  service 
school  with  appropriate  on-the-job  training. 
The  mechanic  can  perform  maintenance 
tasks  without  direct  supervision.  A  five 
level  {E-5)  mechanic  or  above. 

That  film  from  the  first  microfilming  of 
a  document.  Also  known  as  the  original  film. 

The  area  of  film  exposed  to  light  through  the 
camera  optical  system  for  one  image,  regard¬ 
less  of  whether  or  not  the  area  is  filled  by 
the  document  image. 

The  whole  physical  form  of  a  book,  including 
its  dimensions,  page  design,  type  style,  etc. 

(1)  A  human-readable  copy  produced  from 
information  that  has  been  transcribed  to  a 
form  not  easily  readable  by  human  being.s. 

(2)  A  document  or  reproduction  that  can  be 
read  without  optical  aids. 

The  art  or  science  of  designing,  building, 
equipping,  testing  an  equipment,  system  or 
subsystem  to  tlic  antliropomctric,  physio¬ 
logical,  or  psychological  requirements  of  a 
person. 

A  tlicory  of  parallel,  coordinated  technical 
data  development.  This  tlieory  proposes 
that  final  technical  manual  requirements  be 
considered  during  initial  equipment  design 
and  procedural  support  data  development. 

This  consideration  would  include  pi’oduction 
of  multi-purpose  technical  data  in  parallel 
with  development  of  weajion  system  equipment. 
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GLOSSARY  (Continued) 

Job  Performance  Aid 

Performance  aids  are  items  of  auxiliary 
equipment  or  documents  used  by  a  maintenance 
man  to  guide  himself  while  he  is  performing  a 
task  of  his  job.  They  are  designed  to  help 
(the  technician)  by  providing  step-by-step 
instructions  for  the  job  at  hand.  They  store 
information,  present  it  to  the  task  performer, 
process  it,  or  accept  information  from  the 
task  performer.  Performance  aids  may  be 
in  the  form  of  manuals,  checklists,  slide 
rules,  film  strips  or  recorded  auditory 
instructions. 

Kalvar 

A  trademark  for  the  film  and  equipment 
products  of  Kalvar  Corporation, 

Magnification 

The  linear  ratio  of  the  size  of  the  image  to 
that  of  the  object. 

Microfiche 

A  French  word  meaning  a  "small  accumulation 
of  data.  "  Microfiche  are  flat  sheets  of 
microfilm  on  which  many  pages  of  data  are 
reduced  dependent  upon  size  of  sheet  or 
reduction  ratio.  Two  standard  reduction 
ratios  are  widely  used. .  20: 1  and  24:1.  At 

20:1,  the  COSATI  (Committee  on  Scientific 
and  Technical  Information)  fiche  contains  up  to 

60  pages,  and  a  24:1,  the  National  Microfilm 
Association  (NMA)  commercial  fiche  contains 
up  to  98  pages. 

Microfiche  Jacket 

The  micx’ofiche  jacket  is  a  means  of  housing 
strips  of  microfilm  by  trapping  them  between 
two  panels  of  Mylar  film.  Each  strip  of  film 
rests  in  what  is  known  as  a  chamber.  The 
jacket,  with  the  film  strips  in  it,  can  be  lused 
directly  to  create  duplicate  fiche  copies. 

Microfilm 

(1)  The  recording  of  microphotographs 
on  film.  (2)  A  processed  photographic 
film  containing  microphotographs. 

Microform 

A  generic  term  for  describing  any  miniatur¬ 
ised  form  cont.’xining  micro- images.  Micro- 
eax'ds,  microfiche,  and  microfilm  aperture 
cards  arc  all  microforms. 
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GLOSSARY  (Continued) 

Microimage 

A  unit  of  information  such  as  a  page  of 
text  or  a  drawing  too  small  to  bo  road  by 
the  unaided  eye. 

Printer,  High-Speed 

High-speed  printing  that  makes  use  of 
rotating  print  wheels  or  a  chain  with  raised 
type  faces  and  fast-acting  hammers  to  press 
the  paper  against  the  desired  character  at 
the  instant  it  is  in  the  correct  position. 

Printer,  Projection 

A  photographic  printer  in  ^vhich  the  negative  is 
projected  onto  the  print  material.  The  image 
of  a  print  made  witli  a  projection  printer  may 
be  smaller,  larger,  or  equal  size. 

Resolution 

The  ability  to  render  visible  the  fine  details 
of  an  object;  a  measure  of  sharpness  of  an 
imago,  expressed  as  the  number  of  lines  per 
millimeter  discernible  in  an  image.  Resolution 
in  processed  microfilm  is  a  function  of  film 
emulsion,  exposure,  camera  lens,  camera 
adjustment,  camera  vibration,  and  film  pro¬ 
cessing.  Resolution  is  measured  by  examining 
a  microfilmed  resolution  test  chart  under  a 
microscope  to  determine  the  smallest  pattern 

In  which  lines  can  be  distinguished  botii 
horizontally  and  vertically. 

Revision 

Technical  manual  changes  to  reflect  equipment 
changes  during  a  designated  period  of  time. 

A  revision  consists  only  of  added  or  revised 
pages,  as  opposed  to  a  rei.s.sue. 

Roll  Microfilm 

A  lengtli  of  microfiljn  on  a  reel,  spool,  or 
core. 

Scanning  Device 

A  mechanism  that  permits  shifting  the  film  or 
the  cntii’e  optical  system  so  tiiat  different 
portions  of  the  microfilm  frame  or  reel  may  be 
viewed. 

Second  Reproduction 
Microfilm  ^ 

Microfilm  made  from  the  'M-'irst  Reproduction 
Microfilm”  also  called  third-generation 
microfilm. 
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GLOSSARY  (Continued) 


Systems  Analysis 


Technical  Data 


An  orderly  study  of  the  detailed  procedure 
for  collecting,  organising,  and  evaluating 
information  about  an  organi  :ation with  the 
objective  of  improving  control  over  its 
operations. 

Technical  data  are  recorded  information  used 
to  define  a  design  and  to  produce,  support, 
maintain  or  operate  items  of  defense  materiel. 
These  data  may  be  recorded  as  graphic  or 
pictorial  delineations  in  media  such  as 
drawings  or  photographs;  text  in  specifications 
or  related  performance  or  design  type 
documents;  in  machine  forms  such  as  punched 
cards,  magnetic  tape,  computer  memory 
printouts;  or  may  be  retained  in  computer 
memory.  Examples  of  recorded  information 
include  engineering  drawings  and  associated 
lists,  specifications,  standards,  process 
sheets,  manuals,  technical  reports,  catalog 
item  identifications,  and  related  information. 


Technical  Data  System 
for  Unscheduled  Maintenance 


Technical  Manuals 


A  composite  of  data  presented  for  visual 
interpretation  by  means  of  „  device,  with 
printer  and/or  audio  capability,  which  portrays 
the  necessary  technical  data  to  perform 
unscheduled  maintenance.  The  system  may  be 
linked  to  the  materiel  being  tested  or  located 
separately.  (The  individual  test  stations 
can  be  centrally  controlled  and  vjpdatcd). 

Publications  and  other  forms  of  documentation 
containing  a  description  of  equipment,  weapons, 
or  weapon  systems,  with  instructions  for 
effective  use,  including  one  or  more  of  the 
follow'ing  sections  as  required:  Ijjstructions 
covering  initial  preparation  for  use;  operational 
instructions;  maintenance  instruction.'^; 
overhaul  instructions;  parts  list  or  parts 
breakdown:  and  related  tcclmical  information 
or  procedures. .  Department  of  Defense 
Instruction  4151. 9,  Technical  Manual 
Management,  January  24,  1969 
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LISTING  OF  ACRONYMS  RELATING  TO  IMPROVED 

MAINTENANCE  INFORMATION  PRESENTATION 

■  SYSTEMS 

ACE 

Automatic  Circuit  Evaluation  (Philco) 

ADMIRE 

Automated  Diagnostic  Maintenance 

Information  REtrieval  (Westinghouse) 

ATOMS 

Automated  Technical  Order  Maintenance 

Sequences  (Boeing) 

A -VIS 

Audio-Visual  Information  System 
(Nike  -  X) 

DA  TO  M 

Data  Aids  for  Training  Operations  & 

Maintenance  (Navy/ General  Electric) 

DD 

Design  Disclosure  (Navy) 

DIP 

Document  Improvement  Program  (Naval 

Air  Systems  Command) 

EDMICS 

Engineering  Data  Management  Information 

Control  System  (Naval  Air) 

EDS 

Engineering  Data  Systems  -0009  &  -0016 
(Army) 

FIST 

Fault  Isolation  by  Semi -Automated 

Techniques  (SPS-46) 

FLAT  TOP 

Technical  Data  Automatic  Retrieval 

System  (Army) 

FORECAST 

Preprogrammed  troubleshooting.  (Nav'y  &  Army), 

HOLDOR 

Holographic  Laser  Document  Retrieval 

System  (Army) 

IMP 

Integrated  Maintenance  Plan  (Navy) 

JOBTRAIN 

Branching  Networks  -  HumRRO/Army 

MADAR 

Malfunction,  Detection,  Analysis  and 

Recording  (Air  Force/ l,ockhccd  -C-5Ai 

MAINTRAIN 

MAINtenance  and  TRAINing  in  Comple.\ 

Equipment  (NIKE-AJAX) 

MDS 

Maintenance  Data  System  (Army  SAFEGUARD/ 
Western  Electric) 

MEMRI 

Maintenance  Engineering  Management  A 

Repair  Information  (Republie-IIMler) 
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MIARS 

Maintenance  Information  Automated 

Retrieval  System  (Navy) 

MICROMS 

Maintenance  Information  Concerning  the 

Repair  and  Operations  of  Missile  Systems 
(Army  Missile  Command) 

NARF-JAXMS 

Naval  Air  Repair  Facility  -  Jacksonville 

Microfilm  System 

PC 

Profile  Cards  (Philco) 

PYRAGRAM 

PYRAmid  DiaGRAM  (Hughes) 

RAPIDS 

Rapid  Automated  Problem  Identification 

Data  System  (Navy) 

RESTORE 

Rapid  Evaluation  System  TO  Repair 

Equipment  (Martin-Marietta) 

SADIE 

Smith's  Aural  Diagnostic  Inspection  Equipment 
(British  European  Airways  &  RAF) 

SIMM 

Symbolic  Integrated  Maintenance  Manual 

TMMICS 

Technical  Manual  Management  Information 

Control  System  (Navy) 

TRACE 

Transistor  Radio  Automated  Circuit 

Evaluation  (Philco) 

VATE 

Versatile  Automatic  Test  Equipment 
(Air  Force /Hughes) 

WSMAC 

Weapon  System  Maintenance  Action 

Center  (Navy/McDonnell- Douglas) 
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DOCUMENT  SUMMARY 

The  purpose  of  this  documented  study  was  to  review  microfilm  storage  and 
presentation  systems /equipment  available  and  tested  that  could  be  used  to  reduce 
the  bulk  and  increase  the  usability  of  current  military /commercial  technical 
manual  systems. 

Mainly,  mechanical  presentation  systems/devices,  capable  of  storing  micro= 
reductions  of  printed  technical  manual  pages,  were  covered.  The  basic 
microformat  elements  that  must  be  understood  and  considered  when  selecting 
the  optimum  microfilm  system/equipment  for  a  given  technical  manual 
program  were  discussed.  Microfilm  systems /equipment,  applications  and 
tests  relative  to  the  mechanical  storage  and  presentation  of  technical  manual 
information  were  also  rev:  wed.  Finally,  new  content,  format  and  Indexing 
requirements  applicable  to  microfilmed  technical  manual  systems  were 
critiqued.*^  It  was  recommended  that  a  separate  study  docunrent  be  prepared 
"cove ring  additional  content,  format  and  indexing  approaches  methodology 

I 

pertaining  to  mlcroformatted  operation-maintenance  information  presentation 
systems.  These  new  mlcroformatted  requirements  were  to  be  related  to  curreni 
I  military  technical  manual  system  criteria  for  comparative  analysis  purposes. 

Two  basic  technical  manual  microfilm  storage  and  retrieval  system  objectives 
were  established.  The  first  objective  was  to  achieve  a  large  reduction  in  the 
amount  of  space  required  to  store  the  tecimical  manual  collection.  Most  of  the 
operation-maintenance  information  microfilming  studies,  tests  and  applications 
I  reviewed  achieved  a  92  to  98  percent  reduction  ir.  the  amount  of  space  needed 
for  printed  technical  manual  storage.  The  second  objective  was  to  establish 
a  storage  record  of  optimum  else,  shape,  and  storage  density  that  could  bo 

t,  ' 

handled  rapidly  and  inexpensively  by  machines  for  retrieval  and  dissemination 
of  the  desired  Wormation.^The  study  proved  that  a  microfiln;  system 

V-  ' 

represented  the  most  roliable  and  cost-effective  means  currently  available  for 
this  established  purpose.  C\  ‘  I  v  t  ( 

'  ■■  . ^ _ 
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other  conclusions  are  as  follows; 

•  The  use  of  mechanical  microfilm  presentation  devices 
result  in  a  reduction  in  maintenance  time  (in  most  applica¬ 
tions)  and  enhance  the  usability,  integrity  and  timeliness 
of  the  technical  manual-maintenance  information. 

•  The  microfilming  of  existing  printed  technical  manuals  is 
a  step  in  the  right  direction  but  is  only  a  partial  answer  to 
the  current  maintenance  information  problem. 

•  An  overhaul  of  the  existing  technical  manual  system  require¬ 
ments  is  needed,  including  improved  fault  isolation  proce¬ 
dures,  content,  format,  and  indexing  concepts. 

•  Revising  of  specification  requirements  should  be  done  during 
1970  so  that  job- oriented  "fault-fix"  maintenance  information 
presentation  systems  tailored  to  standardized  and  proved 
microfilm  systems /equipment  will  be  available  to  support 
the  complex  systems /equipment  of  the  1970s. 

•  Microfilm  operation-maintenance  information  system  application.? 
must  bo  integrated  early  into  the  overall  contractor/ customer 
maintenance  support  concept  for  the  particular  system/ 
equipment  under  development. 

•  Satisfactory  "manual"  readers  and  rea(lcr-printor.s  are 
currently  available  for  line,  shop  and  overluiul  use. 

•  Satisfactory  portable  "manual"  readers  and  render-printers 
will  soon  be  available  fur  field  use. 

•  Satisfactory  "automatic"  reader-printers  will  soon  be 
available  for  maintenance  information  u.se. 
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1.  0  NEED  FOR  IMPROVED  MAINTENANCE  INFORMATION 

PRESENTATION  MEDIA 

This  section  describes  the  rapid  increase  in  the  bulk  of  the  printed  information 
necessary  to  maintain  today's  complex  systems/equipment.  A  partial  solution 
to  this  technical  manual  problem  is  introduced  1, e. ,  --  the  storage,  random 
retrieval  and  presentation  of  microformatted  maintenance  information, 

1. 1  GROWTH  IN  PRINTED  MAINTENANCE  INFORMATION 

As  technology  has  accelerated,  so  also  has  the  volume  and  bulk  of  the  printed 
information  necessary  to  maintain  the  new  systems /equipment.  Systems  are 
bigger  -  -  they  contain  more  subject  matter  for  technical  manuals.  Hardware 
design  is  becoming  more  complex  —  it  takes  more  written  and  illustrated 
material  to  reduce  the  design  to  understandable  terms  for  operation  and 
maintenance  purposes, 

1.2  MILITARY  MAINTENANCE  INFORMATION  BULK  PROBLEM 

1.2.1 

General  Frank  S.  Besson,  Commanding  General,  U.S.  Army  Materiel 
Command  (AMC),  discussed  the  statistical  information  shown  on  Figures  J.2, 1 
and  1.2. 1-1  at  a  recent  technical  manual  symposium  (Reference  1^}.  He 
stated  that  AMC  contracted  for  the  preparation  of  over  300, 000  different 
technical  manual  pages  in  1967  and  they  planned  to  let  contracts  for  over 
500, 000  pages  in  1968.  The  Air  Force  and  the  Navy  each  annually  require 
considerable  more  technical  manual  pages  than  those  cited  for  the  Army. 
General  Besson  stated  the  following  regarding  Figure  1.2. 1-1; 

"This  150-volume  library  down  in  tho  maintenance  company  is  not 
arranged  all  nice  and  neat  in  shelves,  catalogued  and  cross-indoxed. 

No,  it  is  crammed  in  foot  lockers,  boxes,  CONEX's,  bins  and  chests, 
and  when  the  company's  on  the  move  -  -  and  most  of  them  in  Vietnam 
are  -  -  all  these  things  have  to  be  loaded  and  unloaded,  packed  and 
unpacked ,  time  and  again. " 

*  Numbers  in.narei.ihcnis  (i.e.  Reforonco  1)  direct  the  render  to  tho  epecific 
publication  ih  the  Kofurence  sheets,  that  follows  the  Appendices,  at  tno  end 
of  tlic  documoivt.  .  V  '  -  .  ' ' 
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An  million  dollar  collection*. 
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1.2.2 

The  Navy  has  also  experienced  a  rapid  growth  in  the  bulk  of  their  printed 
maintenance  information  requirements.  Figure  1,2.2  illustrates  this  acceler¬ 
ated  growth  in  the  number  of  pages  required  in  basic-01  series  technical  manuals 
(air-frame  and  systems)  for  six  typical  Navy  aircraft.  Note  that  the  C-47 
aircraft  required  approximately  1000  pages,  whereas  the  F -4  and  A-6  aircraft 
each  require  over  30,000  pages  for  organizational  level  maintenance. 
Considerable  more  pages  arc  required  for  each  aircraft  for  intermediate  and 
depot  level  maintenance.  However,  this  is  only  part  of  the  bulk  problem! 

Another  major  problem  is  keeping  the  technical  manuals  current.  Figui'O  12.2t  I.-' 
shows  the  number  of  page  changes  required  for  typical  -01  manuals  in  a  one- 
year  time  period.  Those  illustrations  indicate  that  the  basic  -01  manual  issue 
for  the  A-7  aircraft  was  approximately  7000  pages,  yet  in  the  first  operational 
year  there  were  over  12,000  -01  technical  manual  phge  changes.  Keeping 
current  the  huge  military  maintenance  information  libraries  has  resulted  in 
serious  problems  in  the  areas  of  storage,  file  integrity  and  data  retrieval  time, 
and  in  the  cost  to  update  and  in  the  time  to  distribute  the  bulky  printed  material. 
The  aforementioned  Navy  technical  manual  statistics  were  extracted  from  a 
presentation  given  by  Cdr,  G.  E,  Bethunc  of  the  Naval  Air  Technical  Services 
Facility  at  the  l6th  International  Technical  Communications  Conference  on 
15  May  1969  (Reference  2). 


1.3  INDUSTRY  MAINTENANCE  INFORKUTION  BULK  PROBLEM 

The  growing  bulk  and  volume  of  the  technical  manuals  is  not  exclusively 
a  military  problem.  The  non-military  technical  world  is  encountering  tlie 
same  problem.  Figure  1.3  shows  the  growth  in  number  of  pages  of  a  typical 
technical  manual  type  from  the  DC -3  (C-47)  aircraft  era  to  the  supersonic 
aircraft  era.  This  rapidly  growing  particular  type  of  manual  will  be  a 
necessary  maintenance  aid  for  the  SST  and  future  military/commercial  systems 
The  commercial  airlines  have  recognized  the  maintenance  manual  bulk  problem, 
and  the  related  updating  and  usage  problems.  American  Airlines,  in  a  study  of 
their  printed  technical  manual  system,  discovered  that  they  required  bookcase 
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\  NARF  -  1  MA^3UAL 


ANNUAL 

CHANGE/REVISION 
PAGES 

12,600 

4.100 

12.100 

TOTAL  28,800 

NOTE:  Tlie  original  i&suo  for  the  A-4  aircraft  -01  series  toclinical 
ir.anual  c'>nsistef!  of  7000  ‘a^;es,  vet  in  one  year  there  /ere 
over  12,000  page  changes  to  su’'ject  n'anual. 
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space  for  over  11,400  technical  manuals{Reference  3).  Section  5  of  this 
document  is  devoted  to  airline  microfilm  technical  manual  studies  and 
applications. 

1.4  THE  SEARCH  FOR  A  SOLUTION  TO  THE  MAINTENANCE 
INFORMATION  BULK  PROBLEM 

The  sheer  bulk  of  the  printed  information  required  to  maintain  today's  complex 
systems/equipment  has  necessitated  a  search  for  new  methods  of  presenting 
technical  information,  A  report  prepared  for  former  President  Johnson  by 
his  Science  Advisory  Committee  titled,  "Science,  Government  and  Information" 
(Reference  4),  identifies  the  problems  relevant  to  "transferring  technical 
Information",  and  cites  steps  that  should  be  taken  to  meet  these  problems. 

One  of  the  best  initial  surveys  of  what  should  be  done  to  solve  the  technical 
manual  information  "transfer  problem"  was  conducted  by  the  National  Security 
Industrial  Association  (NSI.\)  in  1964  (Reference  5).  The  NSIA  report  stated 
the  following  relative  to  the  aforementioned  Science,  Government  and 
Information  report; 

"We  agree  with  the  presidential  report:  we  believe  that  the  increasingly 
urgent  problems  with  technical  manuals  closely  parallel  those  of 
scientific  and  research  information.  Although  the  President's  Science 
Advisory  Committee  panel  was  concerned  with  research  information, 
it  identified  the  problem  that  confronts  the  printed  technical  manual  -  - 
increasing  bullL  and  complexity,  " 

1.5  A  SOLUTION  TO  THE  TECHNICAL  kL\NUAL  BULK  PROBLEM 
This  presidential  report,  other  studies,  and  the  growing  tcclinical  manual 

bulk  problem  have  accelerated  the  development  c.  microfilm  systems/equipment 
that  store,  randomly  retrieve  and  rapidly  display  (and  printout,  if  required) 
large  libraries  of  printed  technical  information. 

Today,  systems/equipment  are  available  tliat  can  store,  retrieve  within 
seconds,  and  display  all  of  the  operation-maintenance  information  required  to 
support  the  moot  complex  military  system  whether  it  be  a  ship,  aircraft  or 
missile.  This  equipment  ranges  from  simple  moclianic  il  devices  to  complex 
electronic  presentation  system*!. 
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2.  0  TECHNICAL  MANUAL  MICROFILM  SYSTEM  ELEMENTS 

This  section  describes  the  basic  elements  that  must  be  understood  and 
considered  in  selecting  an  optimum  microformatted  operation-maintenance 
Information  storage  and  presentation  system. 

2.  1  BASIC  ELEMENTS  OF  TECHNICAL  MANUAL  MICROFILM 

STORAGE  AND  RETRIEVAL  SYSTEMS 

The  following  elements  are  involved  in  technical  manual  microfilm  systems: 

o  Film  Format  e  Production  Equipment 

o  Film  Type  o  Presentation  Equipment 

Some  of  these  elements  are  hardware  that  is  part  of  the  microfilm  system 
while  others  relate  to  the  nature  of  the  material  handled  by  the  system. 

Those  elements  cover  the  significant  equipment -related  variables  that  must 
be  evaluated  when  selecting  components  to  satisfy  the  requirements  of  different 
technical  manual  microfilm  system  applications. 

2,1.1  Film  Format 

Format,  when  used  as  a  technical  manual  microfilm  element,  refers  to  the 
physical  characteristics  of  the  finished  microform.  TLe  microfilm 
formats  currently  available  include  the  following: 

o  Roll  Film  (8,  16,  35,  70  and  105mm)  wound  on  a  spool  and  often  packaged 
in  a  cassette  or  cartridge. 

9  Strip  Film  (usually  protected  by  acetate  jacket  cards) 
e  Sheet  FUm/Microficlie 

o  Aperture  Card  (moxmted  in  a  cardboard  holder) 
o  F  ilm  Chip 

o  High  Reduction  Film  Card/Ultrafichc 

The  film  format  and  its  size  are  two  important  variables  that  determine  the 
potential  of  a  technical  manual  miniaturization  system  and  its  effectiveness 
and  convenience  to  the  user.  See  Figure  2,  1,  1  for  additional  information 
on  rcprer.cntative  microfilm  formats.  The  various  film 
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formats  and  related  eqxiipment,  and  the  respective  advantages  of  each, 

are  discussed  in  Sections  3  and  4  of  this  document.  One  final  item  relating  to 

film  format  that  must  be  understood  is  reduction  ratio. 

2.  1.1.1  Reduction  Ratio 

In  microphotography,  the  film  image  of  the  original  document  page  is  greatly 
reduced  in  size  and  cannot  be  read  by  the  naked  eye.  This  reduction  depends 
on  the  size,  detail,  and  contrast  of  the  material  printed  in  the  original 
technical  manuals  and  on  the  legibility  desired  in  the  film  copies.  The 
size  of  the  microimages,  as  compared  with  the  size  of  the  original  doevunent, 
is  expressed  in  terms  of  diameter,  or  reduction  ratio.  For*  example,  when 
a  reduction  ratio  of  19  to  1  (commonly  expressed  as  19:1  or  19X)  is  used, 
it  is  possible  to  reduce  an  8  1/2-inch  technical  manual  pagq  measuring  19-inches 
in  lengthy  to  1-inch  of  35  mm  film.  Mojje  images  can  be  recorded  on  the  same 
amount  of  film  by  using  a  higher  reduction  ratio.  Thus,  the  reduction  ratio 
is  a  significant  measure  of  the  storage  capacity  of  a  microfilm  system.  It  is 
also  a  significant  factor  in  blowback,  equipment  (optic)  design  and  readability 
in  viewing, 

2. 1.  1. 2  Reduction  Ratio  Parameters 

The  following  parameters  affect  the  reduction  ratio: 

a.  Resolving  Power  of  the  Eye 

For  error-free  reading  of  print  at  normal  viewing  distances,  it  has  been 
found  that  the  resolving  power  of  the  human  eye  is  about  6  to  12  lines 
per  millimeter, 

b.  Resolving  Power  of  the  Film 

Specification  MIL-M-9868  states  that  a  resolution  of  100  to  120  linos  per 
millimeter  is  acceptable  for  microfihii  recording  at  reduction  ratios 
of  from  16  X  30  X,  The  average  Kodak  microfilm  emulsion  has  a 
resolution  of  approximately  250  lines  per  millimeter.  Film  may  he 
tested  as  follows: 
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If  a  film  emulsion  has  a  resolving  power  of  100  lines  per  millimeter  or 
greater,  and  a  National  Bureau  of  Standards  Resolution  Test  Target  is 
contact-printed  on  it,  and  developed  under  laboratory  conditions,  then  it  is 
possible  to  discriminate,  through  a  standard  microscope,  the  lines  of 
the  test  pattern  containing  100  lines  per  millimeter  (or  greater).  Test 
target  patterns  are  usually  placed  on  the  last  frame  (image)  of  a 
microfiche  (or  roll  film)  for  quality  control  usage. 

c.  Number  of  Successive  Regenerations  Required 

Microfilm  document  storage  and  retrieval  systems  do  not  circulate  their 
original  negatives  to  users.  Thus,  duplicate  working  file  is  usually  made 
from  diazo  film  stock.  From  the  diazo  working  file,  either  duplicate 
microforms  are  made  or  hard  copy  is  printed  and  dissedninated.  Thus, 
the  user  will  usually  be  working  with  a  third-to-fifth -generation 
reproduction  of  the  original  technical  manual.  Ai^  Force  conducted 
microfilm  studies  have  indicated  tjiat  each  successive  regeneration  of  a 
film  retains  an  average  of  only  80  percent  of  the  resolution  measurable  in 
the  previous  generation.  In  other  words,  if  a  master  negative  is  made 
with  a  resolution  of  100  lines  per  millimeter,  the  diazo  working  copy  will 
contain  only  80  lines  per  millimeter  of  the  original  data,  and  the 
dissemination  copy  will  retain  only  641incs  per  millimeter  of  the  original 
information.  This  ii  important  relative  to  microformatted  technical 
manual^  since  the  user  will  be  using  a  fourth  or  fifth  generation  copy. 
Thus,  one  may  generally  conclude  that  the  reduction  ratio  for  micro- 
formatted  technical  manual  pages  should  not  bo  greater  than  24:1.  Under 
these  conditions,  it  will  be  possible  to  obtain  fifth  generation  copies  that 
are  of  adequate  quality  to  permit  error-free  reading. 

d.  The  Resolving  Power  of  the  Optical  System 

The  final  factor  affecting  the  reduction  ratio  is  the  resolving  power  of 
the  optical  system.  The  theoretical  optical  limit  for  such  systems  is 
in  the  vicinity  of  a  reduction  ratio  of  approximately  600:1.  However, 
there  arc  other  factors  one  must  consider.  Although  a  technical  manual 
systCTU  may  bo  used  under  conditions  wherein  successive  regeneration 
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of  document  images  is  not  a  limiting  factor,  there  are  problems  with 
increasing  reduction  ratios  relative  to  the  film  transport  mechanisms 
in  the  cameras  and  readers.  Also,  printers  become  too  complicated. 
The'  greater  the  number  of  images  stored  within  a  given  area  of  film, 
the  more  difficult  is  the  problem  of  indexing,  locating,  and  accurately 
registering  a  single  frame  (or  page).  The  cost  and  complexity  of  the 
image  "registration  mechanism  currently  discourager  the  use  of  higher 
reduction  ratios  for  technical  manual  programs.  This  was  proven  in  the 
Air  Force  PIMO  program  which  initially  employed  MICRO-VUE  readers 
with  a  reduction  ratio  of  approximately  260:1  (paragraph  4.4.3).  The 
MICRO-VUE  readers  were  subsequently  replaced  with  Audiscan  audio¬ 
visual  (I6mm)  units  (paragraph  3.4.7)  which  use  a  reduction  ratio  of 
approximately  24:1. 

2. 1.  2  Film  Type 

Film  is  the  basic  information  storage  medium.  Microfilm  is  a  photographic 
image -recording  material  of  high  resolution,  usually  in  l6mm  or  35mm  sizes. 
Sohie  special  applications  also  utilize  8mm,  70mm  and  105mm  film,  A  number 
of  emulsions,  such  as  silver  halide,  Diazo,  and  Kalvar  are  also  available,  and 
are  used  at  different  places  in  various  systems  where  their  respective 
properties  are  of  advantage.  Microfiche  is  simply  a  roll  of  105mm  cut  at 
6 -inch  intervals, 

2.1.3  Production  Equipment 

Two  major  items  of  equipment  required  in  microfilm  technical  manual  systems 
are  cameras  and  the  film  processors.  The  camera  is  the  device  used  for 
imaging  technical  manual  pages  on  microfilm  and  the  film  processor  is  the 
means  for  developing  the  film  and  living  the  image  permanently  on  the  storage 
medium. 

2.1,3, 1  Microfilm  Camera  Types 

The  two  basic  microfilm  camera  types  arc: 
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a.  Rotary  Camera 

The  rotary  camera  derives  its  name  from  the  rotating  drum  over  \\h  ich 
input  technical  manual  pages  are  fed  to  be  photographed.  It  differs  from 
the  planetary  camera  in  that  the  pages  are  in  motion  while  it  is  being 
filmed.  When  a  page  is  inserted  in  the  machine,  its  leading  edge  actuates 
a  tripping  mechanism  that  turns  on  the  camera  lights  and  starts  advancing 
the  film.  The  rotation  of  the  page  and  the  film  advance  are  synchronized; 
the  image  is  automatically  exposed  on  the  moving  film  through  a  slit  as 
the  page  passes  directly  in  front  of  the  camera  aperture.  The  reduction 
ratio  of  the  lens  is  also  geared  to  the  film-advance  mechanism;  thus, 
more  film  is  exposed  for  a  document  being  photographed  at  17:1  than  the 
same  document  being  photographed  at  30:1,  Some  rotary  cameras 
photograph  only  one  side  of  a  document  at  a  time,  while  others  photograph 
both  sides  of  a  docximent  simultaneously.  By  equipping  the  cameras  with 
automatic  feeding  devices  to  expedite  docvunent  input  and  transport , 
approximately  300  technical  manual  pages  can  be  filmed  per  minute. 

By  the  hand  feectng  method,  approximately  40  to  60  technical  manual 
pages  may  be  filmed  per  minute.  The  rotary  camera  advantages  are 
ease  of  operation  and  the  speed  with  which  the  pages  can  be  copied.  Its 
big  disadvantage  is  that  it  is  not  suitable  for  precision  microfilming. 

Thus,  rotary  cameras  are  not  recommended  for  high  reduction  ratio 
miniaturization  systems  such  as  ultrafiche, 

b.  Planetary  Camera 

The  planetary  camera  is  often  called  a  flat-back  or  over-head  camera. 
This  is  the  best  equipment  for  microfilming  materials  requiring  high 
quality  reproduction.  The  technical  manual  page  to  be  filmed  is  placed 
on  a  flat  c^py  table.  The  camera  is  moxintcd  on  a  column  or  arm 
extending  over  the  technical  manual  page.  If  the  size  of  the  page  imago  on 
the  film  is  to  bo  increased,  the  camera  is  raised;  if  the  image  size  is  '  \ 

to  be  reduced,  the  camera  is  lowered.  This  is  in  contrast  to  the  rotary 
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camera  which  requires  different  lenses  to  change  the  reduction  ratio. 

The  primary  disadvantage  of  the  planetary  camera  is  the  relative 
slowness  with  which  technical  manual  pages  may  be  filmed. 

2. 1.3.  2  Step-and-Repeat  Camera 

A  step-and-repeat  camera  is  recommended  for  technical  manual  microfiche 
systems.  The  microfiche  format  is  a  rectangular  sheet  of  film  containing 
document  images  (pages)  arranged  in  regular  rows  and  columns.  Figure  2.  1.  1 
shows  several  of  the  microfiche  types  that  are  currently  available.  .These 
contain  up  to  98  8  1/2  x  11-inch  technical  manual  pages  that  may  be  arranged  in 

I 

various  formats,  as  described  in  Appendix  A  at  the  rear  of  this  document. 

The  best  way  to  prepare  microfiche  technical  manual  pages  is  to  photograph  then 
on  106mm  film  (4, 1-inches  wide)  by  means  of  a  camera  that  will  transport 
the  film  magazine  in  a  step-and-repeat  fashion  until  it  has  sequenced  through 
the  required  rows  of  frames  (pages)  before  advancing  the  film  another  6-inches. 
The  first  •'header"  row  contains  identification  data  (Figure  5, 4. 2,  2).  Secondary 
microfiche  are  usually  identified  only  by  number  in  the  first  two  frames  of  the 
first  row.  The  last  two  frames  usually  contain  the  date  and  resolution  target 
patterns.  Microfiche  masters  may  also  be  made  by  compositing  and  pasting-up 
16  or  35mm  strips  of  film.  This  is  called  a  microfolio  microfiche.  However, 
the  step-and-ropcat  camera  that  does  the  job  of  composition  and  placement 
as  it  exposes  the  master  microfiche  is  recommended.  The  step-and-repeat 
capability  is  available  on  both  rotax’y  and  planetary  cameras, 

2 ,  1 . 3 ,  3  Film  Processors 

Once  the  film  has  been  exposed,  the  film  must  be  processed.  Film  pi’ocessors 
of  various  types  are  available.  For  large  technical  manual  microfilm  appli¬ 
cations,  fully  automated  film  processing  equipment  is  recommended  that 
Incorporates  built-in  automatic  quality  control  test  features.  Semi-automatic 
and  manual  film  processing  systems  are  also  used.  Various  types  of  film 
processors  are  described  in  Sections  3  and  4. 
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2.1.4  PRESENTATION  EQUIPMENT 

2.  1.4.1  Readers 

Once  the  printed  (or  pasted-up)  technical  manual  pages  are  microfilmed,  a 
reading  device  is  required  to  complete  the  system,  A  reader  (or  viewer) 
consists  essentially  of  a  microfilm  holder,  a  lens  system  for  enlargement  of 
the  image,  a  screen  for  viewing  the  enlarged  image,  and  controls  for 
focusing  the  image  and  for  selecting  the  correct  image  or  an  enlarged  portion 
of  a  image.  Readers  are  designed  to  handle  roll  film,  aperture  cards  and 
microfiche,  or  any  combination  of  microforms.  Readers  may  have  fixed 
magnification  ratios  or  variable  magnification,  variable  illumination,  and 
multiple  focusing  controls. 


2.  1.4.2 


Printers 


The  function  of  the  printer  is  to  provide  enlarged  hard  copies  of  microimages 
for  immediate  use.  Many  readers  are  combined  with  printers  and  are  called 
reader-printers.  The  reader  allows  the  user  to  inspect  the  microform 
before  it  is  printed  to  be  sure  that  he  is  getting  what  he  desires.  The  printer 
records  the  image  from  the  microform  on  paper  stock  and  ejects  the  printed 
material.  Paper  stock  may  be  in  sheets  or  on  rolls.  Printers  employ  various 
printing  methods  including  wet  electrostatic,  electrochemical,  and  dry-photo 


processes. 


2.1, 4. 3 


Microfilm  Files 


The  final  element  of  a  microfilm  storage  and  retrieval  system  is  the  film 
Store.  This  is  the  storage  unit(s)  for  housing  the  microforms.  This  may 
consist  of  filing  trays  or  cabinets  designed  to  permit  rapid  retrieval  of  the 
individual  microfiche  or  film  cartridges.  For  large  systems,  motorised 
rotary  files  may  be  employed. 
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INTEGRATING  THE  MICROI^-ILM  SYSTEM  ELEMENTS 


2.2.  1  Figure  2,2  shows  the  basic  elements  that  one  must  consider 

in  developing  a  technical  manual  microfiche  system.  (See  Figures  3.4,  10  and 
5,4,  1  for  comparable  roll  film  systems  and  Figure  5.4,2  for  a  typical 
microfiche  "jacket"  application. ) 

2.2.  2  The  elements  selected  and  the  order  in  which  these  appear  may 

vary  depending  on  the  needs  of  the  particular  system.  A  system  analysis 
should  be  conducted  to  determine  w'hat  v'arious  elements  should  be  selected  and 
how  the  steps  should  be  sequenced  and  integrated  for  optimum  results. 

2.2.3  Indexing  in  a  microfiche  system,  as  shown  in  Figure  2.3, 
refers  to  "eye -readable"  information  located  on  top  of  each  microfiche 

(See  Figures  5.  4.  2,  2  and  5.4.2  for  typical  "indexing"  examples).  The  index 
is  added  before  the  master  is  duplicated.  Coding  is  distinguished  from 
indexing  in  that  coding  is  used  for  automatic  retrieval  and  requires  that 

I  '  ‘ 

a  metal  coded  strip  be  added  as  done  in  the  CARD  System,  or  notches  or 
alphanumeric  codes  be  placed  on  each  microfiche.  In  roll  film  systems, 
indexing  coding  approaches  are  more  complex  and  are  described  in  paragraph 

3.3,  Storage  refers  to  the  physical  container  in  which  the  duplicate  microfiche 
is  placed.  These  cyntaii>er;s  may  range  from  a  file  drawer  or  cabinet  up 
through  highly  sophisllcatcd  jsquipment, 

2.2.4  Note  i,ivFigure  2, 3  that  three  types  of  film  mtiy  be  used  for 

duplicating  microfiche  >  silver,  vesicular  (Kalvar),  and  Diu/.o.  All  arc 
available  in  negative  and  positive  forms  and  all  require  that  the  master 
brought  into  close  contact  with  the  unexposed  duplicate  film,  ^.After  e.xposii^ey 
to  light,  the  duplicate  film  ir  processed.  '  "  K 


2,2,5  ,  After  processing,  a  major  requirement  is  a  coihplctfr liU« 

Inspection  to  verify  the  page  order,  focus  .thd  dons ^y  of  all  images.  An 
inspection  alsoiiiust  be  performed  after  the  duplirtflt)p  microfiehc  has  bbi^h 
developed, 


■  .iv 
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FIGURE  2.2  MICROFICHE  SYSTEM  FLOW  DIAGRAM 
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2.2,6  Finally,  note  that  the  retrieval  and  storage  of  microfiche  are 

not  really  separate  functions  since  the  container  in  which  the  microfiche  is 
stored  has  a  direct  bearing  on  the  ways  in  which  it  may  be  retrieved.  Retrieval 
will  depend  on  the  earlier  decisions  of  whether  to  index,  in  which  case  human 
fingers  may  be  the  retrieval  device,  or  to  code,  in  which  case  the  push  of 
a  button  might  display  the  desired  image  chosen  from  a  number  of  microfiche 
or  roll  film(s).  For  additional  information  on  designing  a  microfiche  system, 
refer  to  Reference  9.  (References  are  listed  on  Reference  Sheets,  following 
the  Appendices,  at  the  end  of  the  document). 
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3.  0  ROLL  FILM  MICROFILM  SYSTEMS/ 

EQUIPMENT 

3.  1  INTRODUCTION 

This  section  describes  a  number  of  roll  film  microfilm  systems /equipment 
and  applications  relative  to  the  storage  and  presentation  of  technical  manual 
information. 

3.2  SYSTEM/EQUIPMENT  EVALUATION 

APPROACH 

The  evaluation  approach  employed  consisted  of  a  review  and  synthesis  of 
the  results  of  all  available  military  and  commercial  technical  manual 
microfilm  tests  and  studies,  technical  society  presentations  and  equipment 
manufacturers'  brochures.  Also,  numerous  manufacturers'  representatives 
were  interviewed  and  in  some  cases,  visits  were  made  to  the  manufacturer's 
facilities.  See  Appendix  C  for  a  listing  of  vendors  contacted.  Appendix  D 
lists  organizations  and  individuals  active  or  interested  in  microformattcd 
technical  manual  approaches  and  improved  maintenance  information 
presentation  systems. 

\ 

3.3  ROLL  FILM  INDEXING  CONCEPTS 
3.3.1 

A  variety  of  inde.xing  techniques  are  used  in  roll  film  microfilm  systems.  The 
indexing  types  generully  fall  into  two  retrieval  categories;  visual  scanning 
and  automated.  Automated  retrieval  requires  coded  information  on  the  film 
adjacent  to  each  image  or  frame  that  can  be  detected  by  the  retrieval  unit 
when  commanded.  Scanning  retrieval  relies  on  the  operator  to  vl.sually 
locate  the  desired  data.  Scanning  retrieval  may  involve  nothing  more  than 
using  the  technical  manual's  table  of  contents  or  index.  Other  visual 
retrieval  techniques  consist  of  relating  the  indexed  information  to  a  location 
on  the  film  by  odometer  number  of  by  synchronizing  distinguishable  horizontal 
or  vertical  line  markings  on  the  margin  of  each  page  (or  image)  with  a 
marked  scale  on  the  side  of  the  viewing  screen. 
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3.3.2 

/ 

Figure  3.3.2  shows  four  widely  used  methods  of  retrieving  microfilmed 
(16/35mm)  technical  manual  information.  The  first  is  the  Kodak-Recordax 
MIRACODE  system  which  is  an  acronym  for  Microfilm  Information 
Retrieval  Access  Code.  This  is  done  by  electronic  eyes  reading  binary 
bits  placed  beside  each  technical  manual  page  (frame)  on  the  microfilm. 

The  second  method  called  Image  Count,  is  also  done  by  electronic  eyes  • 
reading  three  binary  bits  at  the  bottom  of  each  page  (frame)  on  the  film. 

This  is  a  sequential  count  and  has  the  disadvantage  ol  necessitating  the 
placement  of  all  revisions  at  the  end -of  the  film  or  refilming  the  entire  roll. 
The  Image  Count  system  is  used  in  the  Grumman  A- 6  aircraft  RAPIDS 
technical  manual  microfilm  system  (Paragraph  3.  4.  4.2.2).  The  MIRACODE 
system  is  used  in  the  McDonnell-Douglas  Weapon  System  Maintenance 
Action  Center  (WSAIAC)  that  encompasses  a  new  approach  relative  to  the 
storage  and  retrieval  of  microfilmed  F-4  aircraft  technical  manual 
information.  The  third  method  called  Line  Count,  is  read  with  the  naked 
eye  by  matching  special  technical  manual  page  horizontal  lines  (or  bars) 
with  a  scale  on  each  side  of  the  viewing  screen  as  the  film  passes  by.  The 
fourth  method  is  the  Odometer  which  counts  inches  of  film  or  frames.  Other 
aspects  of  these  retrieval  systems  are  discussed  and  illustrated  in  connection 
with  the  various  roll  film  .systems  and  equipment  described  in  the  following 
paragraphs. 

3.4  ROLL  FILM  SYSTEMS/EQUIPMENT 

3.4.1  Introduction 

The  roll  film  systems/ equipment  and  applications  described  in  this  document 
are  typical  of  those  currently  available  that  could  be  employed  in  technical 
manual  microfilm  systems.  For  additional  comparative  information  on  the 
systems/cquipment  cited  in  this  section  and  other  available  equipment,  refer  to 
the  microfilm  equipment  charts  in  the  AppendiN. 
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A  typical  MIRACODE  search  operation  follo.vs; 
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3.4.2  MAST  Maintenance  Information  Display  Devices 
3.4.2  .  1  MAST  35nim  Random  Access  Projector  System 

The  Mast  Development  Company  of  Davenport,  Iowa  produces  35mm  filmstrip 
Random  Access  Projectors  (RAP  s)  with  a  capacity  of  100  to  500  frames. 

These  projectors, when  combined  with  a  rear  projection  screen  and  control 
panel, form  a  complete  projector  viewer  system  which  can  be  mounted  in  a 
standard  19  inch  rack  or  cabinet.  This  projector  system,  when  commanded, 
automatically  locates  and  projects  any  one  of  500  frames  in  a  few  seconds.  Two 
of  these  projectors  can  be  mounted  in  adjoining  standard  19  inch  racks  in  a 
cabinet  or  in  a  bulkhead  as  shown  in  Figure  3.4.  2.  Using  two  projectors 
permits  the  maintenance  man  to  compare  text  with  the  corresponding 
illustration.  Thus,  the  valuable  text-to-illustration  comparative  relationship 
advantage  of  the  printed  technical  manual  is  not  lost. 

Individual  frames  of  color  or  black  and  white  film  may  be  selected  at  random 
or  in  forward  or  reverse  sequence  with  this  compact  projector  system. 

Pictures  are  projected  on  the  panel-mounted  rear  projection  10x15  inch 
screen.  The  control  panel  is  on  the  front  of  the  easily  accessible  drawer-type 
projector  system  housing.  A  *'short-way  home”  film  search  is  a  feature. 

A  servo  drives  the  film  in  either  forward  or  reverse  direction  as  required  to 
make  the  shorter  and  therefore  faster  approach  to  a  requested  frame. 

Thus,  film  transport  is  always  directly  from  the  frame  being  projected  to  t.he 
new  frame  without  returning  to  a  reference  point.  Frame  selection  in  RAP 
projectors  is  not  limited  to  random  use  of  manual  switches.  A  relay  buffer 
circuit  may  be  substituted  for  the  manual  switches  and  individual  frame 
selection  made  directly  by  computer  command. 

Film  loops  are  made  from  conventionally  prepared  filmstrips.  Acetate  base 
film  may  be  cemented  or  taped  into  a  loop.  Longer  life  polyester  l»se  film  is 
also  available.  Mast  projectors  are  used  in  the  NASA  Saturn  V  and  other 
maintenance  information  presentation  programs. 
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3. 4.2,2 


>  MAST  Programmed  Instruction  35mm 
Display  Device 


The  MAST  Development  Gompa^iy  also  produces  a  variety  of  compact, 

-  portable  and  low  cost  display  devices  (and  teaching  machines)  that  are 
widely  used  in  government,  industry  and  schools  for  linear  programmed 
instruction  (PI):  This  PI  approach  has  a  great  potential  relative  to  the 
presentation  of  maintenance  instructions.  The  employment  of  these  and 
similar  units  (see  paragraph  4.  5.  7.  3)  \yill  necessitate  the  merging  of 
several  of  the  Integrated  Logistics  Support  (ILS)  elements  (maintenance 
analysis,,  training  and  technical  publications).  This  has  been  a  goal  for 
the  past  decade  but  has  not  been  successfully  accomplished  in  any 
program.  The  employment  of  these  simple,  mechanical  PI  devices  can 
bring  about  this  needed  ''merger”  since  in  order  to  develop  a  successful 
"program”  the  following  myst  be  accomplished: 

a.  Conduct  a  thorough  maintenance  analysis  covering  "total” 
maintenance  support,  training  and  other  customer  requirements. 

b.  Program  the  maintenance  insti'uctions  per  personnel  task, 
equipment  and  other  requirements.. 

c.  Employ  display  devices  arpdrmaintenance  instructions  in  training 
programs  ‘n  Order  tc  de-bug  and  validate  the  procedures. 

d.  Use  publications  engineers  to  assist  in  the  preparation  of 
maintenance  analyses  and  training  instructions,  as  well  as  for  the 
preparation  of  the  final  programmed  maintenance  instructions  tliat 
will  be  used  by  tlie  customer. 

I 

The  MAST  devices  shown  in  Figure  3.  4.2.2  can  be  used  to  present 
operation  and,  maintenance  instructions  as  well  as  maintenance  training 
information.  They  operate  on  the  self-contained  projector  principle,  with 
a  4”  X  6”  viewing  screen.  Machine  options  include  regular,  stereoscopic, 
or  tachistoscopic  program  presentation,  as  well  as  facility  for  separate 
audio,  timer  or  other  auxiliary  equipment  control.  A  mechanism  that 
automatically  advances  a  paper  tape  for  written  responae.s  is  also  optional. 
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Programs  used  with  the  machines  are  on  durable  film  in  protective 
plastic  cartridges.  A  cartridge  can  be  placed  quickly  and  easily  on  the 
device  for  viewing. 


Programs  for  any  maintenance  application  are  easily  prepared  for  filming 
by  using  low  cost  frame  layout  forms  supplied  by  Mast.  Guide  lines 
printed  on  each  form  show  exactly  where  to  place  the  text  or  illustration 
materialy  Original  text  can  be  typed  directly  on  the  forms  and  the 
illustrations  inked  or  pasted  in  place.  Or,  printed  text  of  existing  programs 
can  be  trimrhed  to  size  and  pasted  on  the  forms  (Reference  62). 

This  simple  and  unique  method  of  cartridging  program  materials  is  a 
major  breakthrough  for  presenting  maintenance  instructions.  You 
get  the  benefits  of  film  without  the  traditional  disadvantages  of  film  handling 
and  loading.  Filmed  pi’Ograms  eliminate  the  need  for  cumbersome 
technical  manuals.  The  film  is  protected  from  the  user's  hands  by  the 
durable  plastic  cartridges  and  may  be  reused  a  thousand  times.  Compact 
cartridges  conserve  storage  space  too.  Each  cartridge  holds  up  to  800 
frames  in  four  sequences  and  comes  in  an  individually  marked  bo.x  for 
library-type  storage. 
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3,4/3  Kodak  Technical  Manual  Microfilm  Applications 
Figure  3.4.3  shows  three  typical  Kodak  reader-printer  and  indexing 
combinations  that  have  been  successfully  used  in  technical  manual  microfilm 
applications.  The  Image  Control  and  MIRACODE  indexing  concepts  were, 
briefly  described  in  paragraph  3.  3.  2.  .  - 

The  Image  Control  keyboard  shown  with  the  Kodak -LODESTAR  reader -prifrter 
in  Figure  3. 4.  3  is  an  electronic  microfilm  retrieval  control  device  that  permits 
rapid  and  automatic  image  (page)  retrieval  in  response  to  keyboard  input  of  a 
Specific  image/frame  number.  This  indexing  system  requires  a  rectangular 
target  (pattern  or  blip)  to  be  exposed  under  or  adjacent  to  each  technical  manual 
page  photographed  on  either  16mm  positive  or  negative  film.  In  operation,  when 
the  image  count  reaches  an  exposed  rectangle  of  a  predetermined  number  of  imag ; 
ahead  of  the  pre-selected  image,  reader  film  speed  is  automatically  reduced. 

Film  motion  stops  when  the  selected  image  (blip)  is  reached.  A  single  image 
advance  or  return  and  a  manual  advance  and  return  are  also  provided.  Kodak 
provides  '*Image  Designator  Mark'*  equipment  with  their  microfilmers  (cameras). 
This  electro-mechanical  device  is  used  during  the  microfilming  process  to  place 
the  required  blip  adjacent  to  each  image  (page). 

The  MK  142  Module  Test  Set  and  the  F-4  WS  Maintenance  Action  Center 
applications  shown  in  Figure  3.4.3  and  their  distinctive  indexing  concepts 
are  described  in  the  following  paragraphs. 

3.4.  3.  I  MK  412  Test  Set  16mm  Microfilm  Application 

The  MK  412  Module  Test  Set,  an  automated' and  self-checking  module  testor, 
was  designed  by  General  Electric  for  the  Polaris  Fleet  Ballistic  Missile 
weapon  system.  All  machine  instructions  are  recorded  on  punched  tape. 

All  operator  instructions  are  stored  on  l6mm  film  and  displayed  in  a  Kodak- 
Recordak  reader  (Visual  Instructor)  as  shown  in  Figure  3,4.3, 
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RECORDAK  MIRACODE  SYSTEM 
(F-4  WS  Maintenance  auction  Center) 


RECORDAK,  MIR.^CODE  &  LODESTAR  are  registered  trademarks 
of  the  Eastman  Kodak  Company. 

Figure  3.  4.  3  TYPICAL  EASTMAN  KODAK  MICROFILM  APPLICATIONS 
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In  the  automatic  mode,  the  operator  installs  the  16mm  film,  program  tape 
reel,  switching  card  and  module,  dials  the  module  key  code  and  tape  search 
number,  applies  power  and  initiates  the  test  sequences.  The  MK  412  test  set 
stops  whenever  a  module  fault  is  indicated,  permitting  the  operator  to  either 
troubleshoot  the  fault,  by-pass  the  failed  test,  or  put  the  module  aside  for 
repair.  Where  manual  response  is  indicated,  complete  instructions  are 
displayed  on  the  Visual  Instructor  reader  screen. 

The  Visual  Instructor  microfilm  reader  is  also  used  for  self-checking  the 
MK  412  test  set.  A  secondary  standard  module  is  used  with  verification 
and  calibration  tapes  and  16mm  operator  instruction  films  for  the  checkout, 
adjustment  and  calibration  of  the  test  set  (Reference  7).  The  first  part  of 
the  microfilm  provdes  general  information,  performance  test  tables,  and 
repair  procedures  for  over  200  types  of  Data  Processing  and  Display 
Subsystem  component  boards.  The  latter  portion  of  microfilm  provides 
general  information  and  diagnostic  perforznance  test  tables  for  the  test  set. 
Over  200  test  tapes  and  over  20  test  set  test  tapes  are  used  with  the  infor¬ 
mation  on  microfilm. 

This  microfilm  reader  coupled  with  a  tape  operated  automated  test  set 
has  been  successfully  used  for  years  on  Polaris  subznarines  and  sub-tenders. 
This  coupled  test  set-reader  approach  is  emphasized  since  it  appears  to.be  one 
way  future  systems  will  go.  Reader-printers  w’ith  maintenance  instructions 
will  supplement  the  automated  systems  with  their  built-in  and  supportizzg 
test  equipznent. 

The  MK  4 12  system  reader  uses  the  "Line  Count”  microfilm  retrieval 
_  system  (paragraph  3.3.2).  The  "Line”  retrieval  technique  is  also  used. 

The  MK  412  test  set  docs  not  employ  a  "total"  maintenance  information  micro¬ 
film  appz’oach  since  many  printed  technical  manuvils  (Calibration  Procediu’es, 
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Cross  Reference  List,  Test  Set,  (5  volumes).  Verification  Procedures,  etc.) 
are  required  during  its  use. 

3.  4,  3.  2  Kodak  MIRACODE  Microfilm  Retrieval  System 

Figure  3,4.3  shows  the  three  basic  items  (reader-printer,  control  console 
and  access  file)  used  at  a  typical  MIRACODE  high-speed  retrieval  station. 

Since  this  system  has  been  successfully  employed  in  a  number  of  new 
maintenance  information  presentation  systems,  its  equipment  and  advantages  will 
be  briefly  described  before  considering  the  MIRACODE  applications, 

MIRACODE  stands  for  Microfilm  Information  Retrieval  Access  Code. 

MIR.ACODE  is  a  simple  to  operate  maintenance  information  retrieval  tool 
that  can  out-perform  the  computer  in  the  efficiency  of  its  retrieval, 
graphic  display,  and  "on-command'*  printout  functions. 

The  basic  access  unit  of  the  MIRACODE  System  is  the  standard  4x4x1  inch 
l6mm  magazine.  Inside  each  magazine  is  100  feet  of  film,  on  which  are 
reproducible  images  of  the  technical  manual  pages  and,  adjacent  to  each, 
an  identifying  code  pattern  as  shown  in  Figure  3.3.2,  Each  retrieval  station 
may  store  scores  cf  these  magazines  (that  each  contain  over  2000  0-1/2  x  11  inch 
pages)  in  a  microfilm  file  adjacent  to  the  reader-printer.  The  entire  file 
can  be  readily  organized  into  categories  with  a  group  of  color-coded  magazines 
for  each  category.  Then,  within  each  category,  the  individual  magazine 
becomes  the  basic  storage  unit  as  well  as  the  access  unit. 

Another  MIRACODE  file  access  advantage  of  great  importance  to  a  rapidly 
changing  technical  manual  microfilm  program  is  the  ease  of  file  revisions. 

Since  it  is  a  rando^n  access  system,  the  retrieval  equipment  locates  the 
technical  manual  page  requested  no  matter  where  that  page  appears  on  the 
100  foot  roll  film  -  beginning,  middle,  or  end.  In  view  of  this  advantage, 
each  magazine  is  open-ended  and  can  be  added  to  in  a  random  fashion.  Because 
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of  the  compactness  of  this  film  magazine  filing  system  and  its  low-cost 
reproducibility,  the  possibilities  for  file  transport,  exchange,  and  concurrent 
searches  at  several  retrieval  stations  are  unlimited. 

The  code,  indexing  plan, and  the  recording  of  both  code  and  technical  manual 
pages  must  receive  careful  consideration  in  designing  a  rapid  retrieval  technical 
manual  microfilm  system.  In  reviewing  the  Navy  WSMAC  and  the  Army  EDS 
maintenance  information  MIRACODE  applications  in  subsequent  numbered 
paragraphs  -  -  -  -  well  conceived  technical  manual/maintenance  information 
indexing  plans  are  examined.  If  one  has  a  good  indexing  plan,  there  are  no 
limitations  in  organizing  the  input  to  the  MIRACODE  system. 

Each  page  image  (or  group  of  pages)  on  the  film  are  assigned  an  identifying 
code  field,  comprised  of  one  or  more  code  column.*;.  The  basic  access  to  the 
code  field  is  the  individual  code  column.  Thus,  the  indexing  plan  can  be 
designed  to  employ  from  one  to  15  (or  more)  columns,  singly  or  in  combination, 
for  any  type  of  indexing.  Each  code  column  can  basically  depict,  by  the  use  of 
12  bits,  any  three  digit  number,  0  through  999.  Or,  each  column  can  be 
arranged  to  depict  numbers  0  through  1999  ...  by  the  use  of  a  special  "utility" 
bit  available  in  each  code  column.  One  more  additional  bit  -  the  parity  or 
"checking"  bit, completes  the  total  of  14  bits  in  every  code  column.  Code 
columns  in  combinations  can  be  arranged  to  provide  fixed  and  open  code  fields. 

The  MIRACODE  system  offers  three  input  modes;  a  basic  manual  system  and 
two  automated  systems  -  tab  card  and  cathode  ray  tube  recording.  Regardless 
of  the  equipment  used,  the  input  function  is  to  expose  two  types  of  images  on 
the  microfilm;  a  reproducible  image  of  the  technical  manual  page  and  an  image 
of  the  identifying  code  field  (Ilcfercncc  8). 
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The  heart  of  the  MIRACODE  retrieval  station  is  the  Kodak  LODESTAR  re?der- 
printer.  The  reader-printer  combines  high-speed  information  retrieval 
with  fast,  push-button  production  of  enlarged  (8-1/2  x  11-1/2  inch)  paper 
facsimiles  of  the  microformatted  technical  manual  pages.  The  unit  has  a 
13  X  13  inch  non-glare  screen.  Reduction  ratios  of  23:1  are  used  by  the 
reader  and  21:1  by  the  printer.  The  printer  uses  150  foot  rolls  of  8-1/2  inch 
paper  and  a  mono  bath-type  processing  solution  that  can  be  used  for  one  week 
or  150  prints. 

The  modular  control  console  houses  two  different  types  of  control  panels: 
a  single  keyboard  control  unit  and  a  set  of  retrieval  keyboards.  All  the  basic 
functions  of  the  system  are  at  the  finger-tip  control  of  the  operator  at  the 
keyboard  control  unit.  And,  all  the  search  operations  are  performed  by 
push-button  simplicity  on  the  retrieval  keyboards.  The  modular  concept, 
along  with  a  choice  of  types  of  retrieval  keyboards,  permits  flexibility  in 
the  type  of  search  operations  to  be  performed,  as  well  as  permittinjg 
opportunities  for  system  expansion, 

3. 4. 3. 3  McDonnell-Douglas  F.4  WSMAC  Microfilm  System 

The  WSMAC  maintenance  information  concept  was  developed  by  McDonnell- 
Douglas.  It  currently  is  being  tested  on  Navy  F-4  aircraft.  This  concept  portrays 
maintenance  actions  and  technical  data  on  16mm  microfilm.  The  name 
Weapon  System  Maintenance  Action  Center  (WSMAC)  is  based  on  the  fact  that  a 
Maintenance  action  cetiter,  using  the?  M1R.ACODE  retrieval  system,  serves  as 
the  focal  point  for  all  organisation  level  maintenance  tasks  associated  with  the 
F-4  weapon  system  (References  0  and  10),  - 
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WSMAC  providos  complete  maintenance  information  visually  or  on  printed 
pages  that  can  be  used  at  the  job  sites.  All  information  pertinent  to  the 
maintenance  task  :s  in  the  technician’s  hands  seconds  after  the  request 
or  inquiry.  Codes  (compatible  wth  the  military  work  unit  codes  presently 
in  use  for  rnaintenance/materiel  accounting)  set  into  the  keyboard,  permit 
the  retrieval  of  the  requested  maintenance  information  in  seconds.  Operation 
of  the  system  is  as  simple  as  most  vending  machines  and  requires  no  special 
operator. 

Maintenance  inquiries  by  system,  sub-system,  component,  maintenance 
task,  part  number  of  malfunction  (symptom)  can  be  immediately  viewed,  and 
upon  demand, printed  for  job-site  use.  Format  is  compatible  with  work 
reporting  systems  allowing  the  simultaneous  issue  of  directives  and  reporting 
documents.  Upon  maintenance  task  completion,  the  filled-in  work  sheets 
are  easily  placed  into  the  accounting  system.  Procedures  pertinent  to 
certain  facilities  or  situations  (local  directives)  can  be  included  and  coded 
so  that  they  also  become  a  part  of  the  complete  data  package  provided  the 
technician. 

When  malfunctions  or  symptoms  arc  reported  or  known,  WSM.\C  provides 
logic  tree  type  procedures  for  fault  isolation  and  provides  complete 
instructions  for  the  defined  maintenance  task.  When  multi -system 
malfunctions  arc  pjcscnt,  debrief  questions  to  be  answered  by  flight/ground 
crew  are  provided  to  aid  the  technician  in  fault  isolation. 

3.  4.  3.  3.1  F-4  WSMAC  Microfilm  System  Indexing  Approach 

Figures  3.  4.  3.  3  and  3.  4.  3.  3-1  are  extracts  from  the  excellent  multi-indexing 
system  developed  for  WSMAC  which,  when  combin-'d  with  tlie  MIRACODE 
retriev.al  systein, provides  the  technician  anear.ily  accessible,  consolidated 
and  complete  .source  of  technical  data  and  in.ain*. vnance  .action  directives. 
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Note  in  the  two  illustrations, the  variety  of  indexes  provided.  This  is  the 
heart  of  the  access  system!  Cach  F-4  index  page  normally  has  the  access 
code  typed  on  the  lower  left  footing  of  the  page.  In  the  sample  indexes  shown, 
the  access  codes  have  been  re-typed  on  the  top  left  heading  of  each  index  page 
in  order  to  facilitate  showing  the  top  portion  of  four  indexes  (with  their  access 
codes)  on  a  single  page. 

In  Figure  3.4.3.  3,  note  the  GENERAL  INFORMATION  -  SYSTEM  INDEX 
that  provides  the  information  (via  noun  name)  necessary  to  find  any 
subject  or  other  indexes;  for  instance,  if  you  don't  know  how  to  operate 
the  reader -printer,  you  can  depress  the  code  keys  indicated  in  this  index 
under  "reader-printer"  and  obtain  the  information.  Note  the  FILM  INDEX 
and  its  code.  This  index  covers  the  various  film  magazine  "categories"  such 
as  MASTER  TROUBLE  ANALYSIS, AIRFRAME,  FUEL  SYSTEM,  etc.  If 
you  wanted  information  on  the  Automatic  Flight  Controls  system  you  would  j 
select  and  ineert  film  magazine  ---2  -  14  in  the  reader-printer  and  depress 
Line  Code  (LC)  1  for  page  1  and  the  COMPOSITE  INDEX  shown  would  be 
displayed. 

Note  that  the  first  two  digits  of  the  binary  "access"  code  for  the  Automatic 
Flight  Control  System  is  57  which  is  the  official  Work  Unit  Code  (WUC) 
number  per  MIL-M-38769  and  AFM  300-4  (References  H  «'*'>cl  12). 
for  integrated  (automatic)  flight  control  systems.  Thus, a  technician  with  a 
fuel  system  problem  would  access  w’ith  digits  46,  or  13  if  he  has  a  landing  gear 
problem.  If  you  wanted  information  on  the  Flight  Control  Group,  AN/ASA-32G, 
you'd  depress  572  (LC)  99  to  obtain  the  detailed  SYSTEMS  INDEX  shown 
that  covers  this  "group". 

Figure  3.  4.  3.  3-1  shows  the  index  route  you^d  probably  follow  if  you  were 
trying  to  rectify  a  fault  in  the  AN/ASA-32G  group.  Using  the  AN/ASA-32G 
SYSTEMS  INDEX  discussed  in  the  previous  paragraph,  you'd  first  locate  the 
Trouble  Analysis  code.  This  would  direct  you  to  the  MASTER  TROUBLE 
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Figure  3.  4.  3.  3-1  WSMAC  F-4  TROUBLE  ANALYSIS  INDEXES 
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ANALYSIS  -  COMPOSITE  INDEX  that  would  lead  to  the  other  indexes  and 
information  shown  on  Figure  3.4.3.  3-1.  Note  that  the  last  abbreviated 
.  page  shown  is  not  an  index  but  the  beginning  of  the  MALFUNCTION  ANALYSIS 
portion  that  uses  logic  tree  trouble  analysis  diagrams.  These  lead  to  the 
fault  and/or  reference  the  technician  to  other  troubleshooting  or  maintenance 
procedures  (repair,  replace,  checkout  and  etc. ). 

3.4.3.  3,2  F-4  WSMAC  Microfilm  System  Evaluation 

The  WSMAC  re-arrangement  and  re-indexing  of  the  conventional  military 
technical  manual  information  ‘for  use  in  the  MIRACODE  microfilm  system 
is  a  major  maintenance  information  presentation  breakthrough! 

WSMAC  has  reduced  unnecessary  "wordy**  information.,  and  the  difficult 
cross-referencing  between  bulky  printed  publications  problem.  The  superior 
logic  tree  fault  isolation  methods  and  the  excellent  integrated  multi -indexing 
system  (with  the  standardized  work  unit  **system  codes"  as  the  first  two 
digits  of  the  binary  access  code)  that  permit  immediate  access  to  a  complete 
and  well  organized  Organizational/Intermediate  maintenance  level  data  bank 
are  also  outstanding  features  <f  the  WSMAC  microfilm  system. 

Other  advantages  apart  from  the  microfilm  advantages  (file  integrity, 
retrieval  time,  space  savings  and  updating  ease)  are  as  follows: 

a.  Minimizes  on-site  personnel  human  factor  problems  such  as  the 
reluctance  to  read  through  pages  cf  instructions  relevant  to  the 
repair  of  an  item. 

b.  Provides  the  following  savings: 

(1)  Time  >  The  retrieval  and  printout  of  almost  any  maintenance 
action  is  available  to  the  technician  within  two  minutes.  The 
AGE,  tool  and  parts  needed  for  the  task  are  also  identified. 
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(2)  Space  -  The  ’’technical  library"  is  now  microfilm  magazines. 
The  reference  technical  manual  tables  and  research  areas  are 
eliminated  and  the  retrieval  station  becomes  the  focal  point  of 
all  maintenance  actions. 

(3)  People  -  The  training  of  personnel  is  enhanced  by  using  WSMAC 
data.  The  accuracy  of  the  maintenance  action  means  less 
repetitive  maintenance.  Publication  distribution  time  and 
shipping  costs  are  saved. 

3.  4.  3.  4  Army  FLATTOP  Microfilm  System 

Project  FLATTOP  is  an  Army  program  designed  to  provide  depot  level 
maintenance  for  combat  helicopters  in  Vietnam  (Reference  13).  The  Army 
is  using  an  ex-Navy  seaplane  tender  with  fore  and  aft  landing  pads.  The 
helicopters  fly  in,  or  are  hoisted  aboard,  and  are  taken  below  on  an  elevator 
for  the  depot  maintenance  work  by  the  Army's  First  Transportation  Corp. 
Battalion  (Seaborne  -  Aircraft  Maintenance  Depot). 

Since  this  mobile  depot  level  maintenance  concept  involved  all  Army  rotary  - 
wing  aircraft  except  the  Sikorsky  CH-54A  Flying  Cranes,  a  large  technical 
data  library  covering  millions  of  images  (pages)  wore  microfilmed  under 
the  direction  of  the  Army  Missile  Command,  Redstone  Arsenal,  Alabama. 

The  technical  manual/ document  library  is  on  16mm  film  and  Brown  Engineering 
16mm  reader-printers  similar  to  that  shown  in  Figure  3.  4.  3.  4  are  employed. 
These  feature  large  18  x  24-inch  viewing  .screens,.  MIR.-\C01)L'  retrieval 
control  units,  and  Itek  reproducers  (or  printers).  Itek  reader-printers  are 
used  for  displaying  and  printing  35mm  aperture  c;;ird  data.  Engineering 
drawings  and  other  larger  formatted  data  are  reproduced  on  35mm  film  and 
placed  in  aperture  cards.  The  reader's  large  18  x  24-inch  viewing  screen 
almost  doubles  the  image  area  (in  compnri.son  to  conventional  16mm  readers). 
This  large  screen  greatly  enhances  the  legibility  of  oversize  documents  such  as 
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C-aise  drawings  (aperture  card)  which  this  equipment  also  handles.  The  printer 
utilises  the  latest  Itek  reproducer  which  is  capable  of  delivering  an  18  x  24-inch 
hard  copy  within  10  seconds.  The  printing  cycle  is  fully  automatic  and  the 
prints  are  exposed,  cut,  processed,  and  delivered  squeegee -dry. 

Technicians  from  32  different  machine  shops  located  on  five  different  decks 
have  immediate  access  to  the  maintenance  information  required  for  depot 
overhaul  of  helicopters,  engines,  rotors,  transmissions  and  hundreds  of  other 
itenis.  This  microfilm  system  saved  from  95  to  98%  of  the  space  usually 
consumed  by  technical  manual /document/dra'  'ng  files  on  board  a  ship. 

The  MIRACODE  retrieval  system  is  the  heart  of  this  large  l6mm  film  technical 
manual  library.  Various  types  of  maintenance  information  may  be  quickly 
retrieved  (via  a  multi-indexing  access  system  similar  to  the  WSMAC  approach), 
even  though  the  part  nvimber,  drawing  number  and/or  technical  manual  number 
is  not  known  by  the  technician. 

The  Itek  equipment  used  in  this  project  is  off-the-shelf  equipment.  The 
Itek  Corporation  is  a  pioneer  in  the  design  of  all  kinds  of  microfilm  equipment 
including  a  new  reader -printer  (Mo<  .  18-24F)  with  the  large  18  x  24-inch 
screen,  that  will  handle  microfilm  jackets  up  to  5  x  8  inches,  aperture  cards, 
16mm  and  35  roll  film  and  microfiche  up  to  5  x  8 -inches.  Selective  portions 
of  any  item  being  viewed  may  be  printed  by  means  of  a  unique  mask  system. 

3. 4. 3. 5  Army  Engineering  Data  System  (EDS) 

The  Army  Missile  Command,  that  developed  the  Flattop  System,  has  also 
developed  two  Engineering  Data  Systems  (EDS)  designated  EDS-0009  and  0016 
that  employ  the  MIRACODE  System  and  the  wide  screen  reader-printer  shown 
on  Figure  3,4* 3.4.  These  systems  are  designed  for  the  small,  medium  and 
large  engineering  data  users. 


For  a  small  scale  data  base,  a  manual  microfilm  input  camera  and  low-cost 
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••iablish  the  file.  For  a  tnedlum  flee  data  baa«»  a  35mm  to  l6mm  converter 
and  semi-automatic  camera  is  used.  For  the  large  and  complex  data  base, 
sn  optical  scanner  to  microfilm  device  is  used  to  establish  the  file.  In  all 
cases,  the  data  is  recorded  on  100  foot  rolls  of  l6mm  film  and  the  MIRACODE 
equipment  and  wide  screen  reader -printers  shown  on  Figure  3. 4. 3. 4  are 
used  for  retrieval. 

The  Army  Missile  Command  has  also  designed  an  improved  retrieval  control 
\mit  for  use  in  MIRACODE  information  retrieval  stations.  This  militarized 
unit  shown  on  Figure  3.4.  3.  5,  is  produced  by  Western  Reserve  Electronics 
of  Cleveland,  Ohio.  This  unit  meets  the  environmental  requirements  of 
military  specifications  for  electronic  equipment,  has  built-in  fault  isolation 
capabilities  and  other  improved  reliability  and  maintainability  design  features. 


3.4.4 


3-M  Company  Microfilm  Applications 


3. 4. 4. 1  Airline  Applications 

The  3-M  Company's  Microfilm  Systems  Division  has  been  one  of  the  active 
participants  in  16mm  microfilm  technical  manual  applications.  Section  5 
describes  a  number  of  airline  technical  manual  microfilm  applications  and 
Figure  5.3.2  represents  a  3-M  400C  16mm'  reader-printer  in  operation 
by  American  Airlines  personnel.  More  3-M  16mm  microfilm  readers  and 
reader-printers  are  being  used  by  the  airlines  than  any  other  microfihn 
equipment. 

3.4.4. 2  Navy  Applications 

Hundreds  of  3-M  reader-printers  are  being  used  by  the  Navy  in  technical 
manual  microfilm  programs.  Two  of  these  roll  film  programs,  the  NARF-JAX  ^ 
and  RAPIDS  technical  manual  microfilm  systems,  that  are  using  3-M  equipment 
are  described  in  the  following  paragraphs.  Those  two  programs  are  part  of  the 
Navy  MIARS  Program  that  is  discussed  in  paragraph  6. 3, 6.  The  MIARS 
Program  is  a  group  of  programs  designed  to  transform  Navy  printed 
technical  manuals  into  microforms. 
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FEATURES 


MEETS  ENVIRONMENTAL  REQUIREMENTS  OF  MILITARY 
SPECIFICATIONS  FOR  ELECTRONIC  EQUIPiMENT 

SIMPLIFIED  OPERATOR  CONTROL  PANEL 

BUILT-IN  FAULT  ISOLATION 

AUTOMATED  RETRIEVAL  OF  ADRESS  FILMS 

PLUG-IN  FUNCTION  MODULES  AND  REPAIR  PARTS 

INTEGRATED  CIRCUIT  (3RD  GENERATION)  DESIGN 

WEIGHS  120  POUNDS 


FIGURE  3.4.3. 5  MIUTARIZED  RETRIEVAL  CONTROL  UNIT  (ARMY) 
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3.  4.  4.2.1  NARF/JAX  Technical  Mamial  Microfilm 

Program 

The  Naval  Air  Repair  Facility  (NARF)/ Jacksonville  (JAX)  Technical  Manual 
Microfilm  Program  involves  microfilming  the  A-4,  A-5  and  A-7  aircraft 
technical  manuals.  A  data  manager  has  been  assigned  for  each  aircraft 
type.  The  data  manager  is  the  key  to  the  system  and  is  responsible  for  the 
master  file  that  assures  that  all  data  filmed  is  correct  and  up-to-date.  This 
pilot  system,  based  on  commercial  airline  16mm  microfilm  experience 
(see  Section  5),  has  been  in  operation  for  approximately  two  years  and  uses 
3-M  400C  reader-printers.  The  dual  (paper  and  microfilmed  manual)  test 
system  has  recently  been  phased  out  and  the  -01  and  -02  series  technical 
manual  operational  microfilm  program  implemented.  One  of  the  Navy's 
technical  manual  microfilm  advocates,  Cdr.  G.  E.  Bethune,  recently 
stated  the  following  regarding  this  program: 

"File  integrity  is  one  of  the  most  important  advantages  of  the 
NARF/JAX  test  results.  If  this  microfilm  system  costs  the 
Navy  more  than  the  paper  system  it  would  be  well  worth  it 
considering  the  file  integrity  advantage  alone!  NARF/ 

Jacksonville  would  like  to  remove  all  paper  technical  manuals 
as  soon  as  possible  and  use  microfilm  only"  (Reference  2). 

The  3-M  400C  render-printer  employs  an  "odometer"  for  locating  the 
correct  image  on  the  non-coded  16mm  roll  film  and  also  a  "line  code" 
attachment  on  each  side  of  the  viewing  screen.  The  NARF/JAX  program 
is  using  rotary  microfilm  cameras  that  are  capable  of  copying  4000 
technical  manual  pages  per  hour  and  automatically  Vine  coding  each  page. 
Pres  ent  plans  call  for  updating  the  aircraft  technical  manual  microfilm 
flics  every  30  days.  The  Navy  also  plans  to  implement  the  NARF/JAX 
microfilm  system  at  other  Naval  Air  Repair  Facilities. 
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3.  4.  4. 2. 2 


Grumman  RAPIDS  Technical  Manual 
Microfilm  Program 


Another  Navy  technical  manual  microfilm  program  that  is  using  modified 
3-M  equipment  is  RAPIDS  which  is  an  acronym  for  Rapids  Automated 
Problem  Identification  Data  System.  This  microfilm  system  was  developed 
by  Grumman  for  their  A- 6  aircraft.  It  is  similar  to  WSMAC  (paragraph 
3.  4.  3.  3)  in  that  it  uses  a  16mm  film  technical  information  bank  for 
accomplishing  unscheduled  maintenance.  It  differs  from  WSMAC  in  that 
RAPIDS  is  designed  for  organizational  level  use  only.  Also,  it  is  not  a 
complete  maintenance  information  microfilm  system  since  RAPIDS 
supplements  the  printed  A-6A  aircraft  technical  manual  system.  Each  film 
frame  is  coded  ("Image  Count”  technique  is  now  used)  for  rapid  retrieval 
via  the  malfunction  approach  shown  in  Figure  3.  4.  4. 2. 2.  RAPIDS,  as  shown 
in  Figure  3.  4.  4.2.2,  is  essentially  a  method  of  presenting  maintenance 
information  in  a  detailed  logic-flow,  step-by-step,  checklist  form. 

RAPIDS  tells  what  to  do  and  how  to  do  it! 

Grumman  states  that  troubleshooting  data  is  primarily  based  on  fault 
symptoms  experienced  during  design,  development  and  operational  testing 
of  the  weapon  system.  Most  operational,  mechanical  and  avionics  mal¬ 
functions  (75%  according  to  Grumman  statistics)  will  occur  prior  to 
delivery  of  the  weapon  .system  to  the  user.  Therefore.  RAPIDS  covers  mest 
oi  the  expected  malfunctions,  with  their  associated  symptoms,  and  necessary 
corrective  maintenance  procedures  that  have  been  used  successfully  by 
Grumman  maintenance  technicians  (Reference  15). 

RAPIDS  initially  used  MIRACODK  retrieval  equipment.  This  commercial 
equipment  was  not  designed  for  a  military  environment  and  encountered  the 
following  problems  in  early  tests  at  the  Naval  Air  Station,  Whidbey  Island, 
Washington. 

a.  Fluid  spillage  that  caused  com|K}nent  failure. 

b.  Environmental  problems  due  to  dust  (on  film  and  optlc«).  he:it  and 
humidity. 
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c.  Connector  mating  problems. 

There  were  also  software  problems.  However,  the  software  procedures 
initially  used  on  Whidbey  Island  were  generated  for  Grumman's  in-house 
production/flight  test  use  and  were  subseqnebtly  re -tailored  to  military 
requirements.  Also,  the  non-militarized  reader -printer  and  retrieval  control 
equipment  was  employed  in  a  difficult  environment.  Militarized  retrieval 
control  devices  (paragraph  3.4.  3.  5)  are  now  available  for  MIRACODE 
applicatioi  s  and  "dry"  development  processes  are  also  available  in  printers 
suitable  for  military  applications. 

'As  a  result  of  their  equipment  problems,  Grumman  designed  and  developed 
'the  new  RAPIDS  retrieval  station  (Model  GC-IA),  shown  in  Figure  3. 4. 4. 2.  2-1, 
that  is  suitable  for  Navy  shipboard  environment.  The  semi-dry  printer  in  the 
new  retrieval  station  is  basically  a  3-M  400C  reader-printer  modified  for 
military  use,  according  to  a  recent  article  on  the  RAPIDS  system  in  Aviation 
Week  and  Space  Technology  (Reference  16).  The  Model  GC-IA  is  being  built 
jby  the  Applied  Devices  Corporation  for  Grumman.  The  equipment  is  housed  in 
single  cabinet  and  comprises  two  major  assemblies.  The  upper  assembly  is 
the  reader-printer,  the  lower  is  the  keyboard/electronics  control  unit.  Both 
assemblies  are  mounted  on  slides  for  ease  of  replenishing  printing  paper  and 
print  activator  and  for  performing  inspection  and  maintenance  (Reference  17), 

In  each  Ibrnm  cartridge,  a  master  index  lists  the  individual  indexes  by  the 
technical  category  of  the  data  and  the  code  for  each  index.  Required  data 
may  be  located  by  malfunction,  maintenance  action,  test  equipment  operating 
procedure,  operational  check,  illustrated  parts  breakdown  component  and 
access  items.  Access  to  the  technical  data  bank  is  accomplished  by  means 
of  a  series  of  indexes  as  shown  in  Figure  3. 4. 4.  2.  2-2.Retrieval  of  the  technical 
data  is  accomplished  by  a  simple  coding  system.  A  code  number  is  used  for 
each  page  or  series  of  pages.  The  first  two  digits  identify  a  system  or  subsystem, 
the  third  digit  identifies  a  data  category  within  the  indicated  system  such  as  the 
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following: 

•  General  Information 

•  Fault  Isolation  Procedure 

•  Maintenance  Action  Procedure 

•  Service  Instruction 

®  Operational  Checkout  Procedure 
o  Support  Equipment  Operating  Procedure 

•  Illustrated  Parts  Breakdown 

Specific  data  are  called  up  by  push  buttons  on  the  front  panel  keyboard 
using  a  six-digit  number  determined  from  an  appropriate  index.  Three 
modes  of  operation  are  provided  for  the  data  retrieval  stations-,  automatic, 
semi-automatic  and  manual, 

Grumman  initiated  its  RAPIDS  program  in  mid  1967,  in  support  of  A-6A 
production  and  flight  test  operations.  Since  the  introduction  of  RAPIDS  at 
Grumman,  manhours  expended  for  unscheduled  maintenance  have  been 
reduced  significantly,  accompanied  by  a  marked  reduction  in  the  require¬ 
ments  for  skilled  technicians,  aircraft  operational  ready  rates  have 
improved,  spares  consumption  has  decreased  and  false  rejections  have 
improved  60%.  (Reference  15). 

3.  4.  4.2. 3  Navy  F-14A  Fighter  Microfilm  Program 

The  Grumman  RAPIDS  system  is  expected  to  play  an  important  role  in  the 
Navy/Grumman  F-14A  air  superiority  fighter  program.  The  Naval  Air 
Sy.stem  Command's  F-14A  contract  state.s  that  the  aircraft  tcclmical  manual 
data  shall  be  provided  on  microfilm  (Reference  63). 

3.  4.  4,  3  Other  3-M  Military  Application.^ 

3-M  readers  and  reader-printers  have  also  boon  used  in  Army  (paragraph 

4.  5.  3.  5.2)  and  Air  Force  technical  manual  test  applications.  Currently,  the 
Air  Force  is  evaluating  at  the  Warnor-Robins  Air  Materiel  Area  (WRAM.A) 

a  now  semi -automated  (keyboard  access)  reader-printer  developed  by  3-M. 
The  Air  Force  is  also  conducting  technical  manual /engineering  data  micro¬ 
film  tejsts  at  the  Oklahoma  City  Air  Materiel  Area  (OC.AM.-N)  as  well  as  at  the 
WRAMA. 
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8.  4.  5  Command  Retrieval  Information  System  (CRTS) 

CRTS,  an  acronym  for  Command  Retrieval  Information  System, is  produced 
by  the  AMECOM  Division  of  Litton  Industries.  This  system  has  not  been 
used  in  any  known  technical  manual  application  but  is  presented  since  it 
represents  a  unique  automated  microimage  storage  device  that  could  be 
used  for  storing  a  large  technical  manual  library.  Sequential  access  to 
stored  images  is  achieved  in  less  than  2  seconds. 

The  basic  unit  is  a  desk-sized  console  with  a  21  x  28-inch  display  screen, 
keyboard  entry  unit,  and  a  film  output  system.  The  cartridge  (17  by  16  by 
6  inches)  contains  a  roll  of  film  called  a  Kalvar  scroll  which  is  17  inches 
wide  and  200  or  400  feet  long.  The  scroll  is  divided  into  1-3/4  inch  wide 
columns.  There  are  2590  columr*s  in  a  400-foot  scroll.  Each  column, as 
shown  in  Figure  3.  4.  5, is  made  up  of  12  frames,  each  1-1/2  by  1-3/4  inches. 
Eleven  frames  contain  the  data  images  and  the  bottom  twelfth  frame  contains 
the  retrieval  coding. 

Each  of  the  eleven  image  frames  is  divided  into  nine  subframes.  Each  of 
the  nine  subframes  bears  a  discrete  location  number.  Each  of  the  subframes 
contains  the  equivalent  of  two  pages  of  data  at  a  30;  1  reduction  ratio.  Each 
400-foot  scroll  can  store  511,  000  pages  of  data  and  any  desired  frame  or  sub- 
frame  can  be  retrieved  in  17  seconds  while  retrieval  time  for  any  frame  of 
subframe  on  a  200-foot  scroll  is  10  seconds. 

The  document  pages  arc  initially  photographed  on  silver  film  (16mm  or  35mm). 
The  images  on  the  16mm  or  35mm  film  are  transferred  by  a  controlled  step- 
and-repeat  procedure  to  the  Kalvar  scroll  through  use  of  a  Scroll  Preparation 
Unit  which  is  part  of  the  CRIS  system.  Duplicate  scrolls  can  be  prepared 
by  the  Scroll-to-Scroll  Printer.  New  information  may  be  added  to  the  scroll 
through  the  Scroll  Preparation  Unit  or  an  Add-a-Frame  unit. 
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CRTS  has  a  random  access  capability.  The  index  is  maintained  independently. 
It  stores  the  addresses  of  all  documents /data  which  are  entered  in  index  file 
as  received.  Documents /data  may  be  added  to  the  scroll  without  regard  to 
fixed  index  categories  or  file  locations. 

An  operator  obtains  a  seven  digit  code  for  the  required  data  from  the  index 
and  inserts  the  code  into  the  CRTS  keyboard.  CRTS  features  a  non-return  to 
zero  process  which  means  the  scroll  positioning  operation  always  begins  at 
the  last  retrieval  point  without  rewinding  to  point  zero.  The  scroll  travels  to 
the  next  column  address  within  the  cartridge  while  the  cartridge  moves  to 
the  required  frame  level.  For  viewing,  a  scanning  key  provides  the  capability 
to  advance  from  one  subframe  to  another  or  to  the  next  frame  down  in  the 
column. 

Reproduction  of  the  image  may  take  place  in  a  number  of  ways  as  shown  in 
Figure  3.  4.  5.  A  film  output  module  facilitates  transfer  of  the  retrieved 
image  to  a  film  card,  then  to  copy  printer.  The  CRTS  building  block  design 
makes  it  compatible  with  various  transmission  systems  and  reproduction 
facilities. 
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3.4.6 
3.  4.  6.1 


FileSearch  System 


The  FileSearch  System  developed  and  produced  by  the  FMA  Corporation 
of  Los  Angeles  has  been  employed  in  many  military  operations  over  the 
past  seven  years,  but  has  not  been  used  for  maintenance  information 
data  bank  system  purposes.  It  is  presented  since  it  represents  an 
automated  approach  suitable  for  a  large  technical  manual  information 
bank  system  at  a  fixed  facility  such  as  a  depot.  Also,  its  indexing 
approach,  as  described  in  Figure  3.4,  6. 1,  has  many  functional  advantages. 

3. 4. 6. 2 

FileSearch  is  a  self-contained  automated  system  providing  complete 
logical  and  comparison  search  capabilities.  It  requires  a  full  complement 
of  equipment  for  coding,  storage,  retrieval  and  display/printout.  Each 
frame  can  accommodate  a  technical  manual  page  (up  to  8  1/2  x  14  inches) 
and  56  alphanumeric  characters  of  indexing  information.  Thirty-two  frames 
can  be  recorded  per  foot  of  35  mm  film.  Stored  technical  manual  pages 
can  be  rapidly  retrieved  by  the  retrieval  unit  which  automatically  scans 
and  processes  the  binary  indexing  information  on  the  film  at  6400  pages 
per  minute.  The  retrieved  data  can  be  viewed  on  a  screen  and/or 
reproduced  as  hardcopy  (7  seconds)  or  1: 1  film  copy  (0.  4  seconds  per 
frame).  Each  reel  in  the  retrieval  unit  can  contain  up  to  30,000  pages. 
Retrieval  can  be  accomplished  by  typing  on  a  teletype  keyboard  a  statement 
concerning  the  technical  manual  pages  to  be  retrieved  or  by  responding  to 
an  electrical  signal  generated  elsewhere  such  as  from  a  computer  or  other 
remote  teletype  terminal  input.  If  remote  viewing  of  the  image  is  desired, 
closed  circuit  high  resolution  TV  display  of  the  image  can  be  provided. 

The  system  is  designed  to  interface  with  large  data  processing  centers  so 
that  it  can  operate  under  the  control  of  a  computer,  as  a  computer  peripheral 
storing  the  image  or  graphic  data  bank,  or  can  feed  information  from  the 
index  on  film  to  the  computer  for  computer  manipulation. 
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•  Accepts  any  indexing  scheme 


•  Uses  both  alphabetic  and 
numeric  terms 


•  Variable  length  index  terms 
acceptable 


Open-field  indexing 


•  Accepts  any  number  of 
index  terms 


FUNCTIONAL  ADVANTAGE 


Indexing  is  determined  by  subject  matter, 
not  equipment  limitations. 

Indexers  can  use  natural  language  rather 
than  having  to  translate  words  and  numbers 
to  their  binary  equivalent. 

Flexibility  in  selecting  and  assigning 
index  terms. 

Index  terms  can  be  recorded  in  any  order, 
rather  than  in  a  particular  sequence  or 
position. 

Technical  manuals  or  documents  can  be 
indexed  to  any  desirable  depth,  rather 
than  a  depth  set  by  system  constraints. 
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3.  4.  6.  3 

This  system  could  be  used  to  expand  rapidly  (search  time  plus  0.  4  seconds 
per  page)  specific  technical  manual  35mm  microform  systems  configured 
to  a  specific  model  or  unit.  As  an  indication  of  the  rapidity  with  which 
new  subject  matter  reels  can  be  generated,  it  would  take  less  than  an  hour 
to  search  through  a  large  weapon  system  technical  manual  library  of 
100,000  pages,  select  5,000  pages  related  to  a  specific  subject,  and  repro¬ 
duce  them  on  a  new  reel  of  film. 
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3.  4.  7  Audiscan  Corporation  Applications 

The  Audiscan  Corporation  of  Bellevue,  Washington  produces  a  light 
weight  (12  pound)  audio-visual  (16mm  continuous -loop  film)  device  that 
is  being  used  by  industry  and  the  military  services  to  more  effectively 
present  maintenance  information. 

3.  4.  7. 1  Air  Force  Project  PIMO  Application 

The  Audiscan  film  strip  system  was  recently  tested  by  the  Air  Force 
in  their  technical  manual  improvement  Project  1316,  "Presentation  of 
Information  for  Maintenance  and  Operation  (PIMO)".  This  multi-million 
dollar  test  program  concentrated  on  the  man-machine  interface  to  improve 
the  technician's  performance  capability  by  providing  improved  maintenance 
information  presentation  approaches.  This  involved  several  format  and 
presentation  concepts  (troubleshooting  aids,  job-oriented  and  pocket  size 
"booklet"  type  technical  manuals  and  a  audio-visual  presentation  mode). 

The  audio-visual  mode  used  the  job-oriented  booklet  type  maintenance 
information  and  presented  this  in  the  Audiscan  units.  Additional  details 
on  PIMO  may  be  found  in  Boeing  PIMO  evaluation  document  D2- 125717-7 
(Reference  18  )  and  the  eight  volume  Air  Force  Project  PIMO  Final 
Report  (Reference  10  ). 

Figure  3.  4.  7. 1  shows  the  portable  Audiscan  unit  in  use,  a  t^’pical  PIMO 
maintenance  information  frame*  and  some  of  the  features  of  the  Audiscan 
unit. 

The  PIMO  audio-visual  "system"  was  comprised  of  two  major  parts:  the 
Audiscan  projector/playback  and  a  cartridge  which  contained  the  maintenance 
information.  The  cartridge  included  a  16  mm  film  strip  and  a  self-locking, 
two-track  audio  tape  reel.  To  operate  the  device,  the  cartridge  was  inserted 
into  the  device  and  the  advance  button  was  depressed.  An  audio  burst 
containing  one  maintenance  task  would  be  played.  Then,  the  device  would 
automatically  stop.  The  machine  would  give  no  further  instructions  until 
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the  advance  button  was  again  activated.  The  visual  presentation  would 

\ 

advance  automatically  as  dictated  by  the  p^jogrammed  instructions  -  - 
always  in  synchrony. 

For  test  purposes  and  in  order  to  reduce  search  and  access  time,  only 
one  activity  was  included  in  a  cartridge.  The  PIMO  Audiscan  devices 
were  in  continuous  operation  for  approximately  three  months,  during  which 
time  no  equipment  failure  occurred  (Reference  19  ). 

The  PIMO  field  test  results  indicated  that  the  job  guide  concept  booklet  (visual) 
and  audio-visual  (Audiscan)  modes  provide  an  extremely  effective  means  of 
improving  maintenance  while  reducing  support  costs.  There  were  indications 
of  faster  learning  with  the  audio-visual  Audiscan  mode. 

Lastly,  there  were  indications  that  the  audio-visual  presentation  mode,  using 
the  same  job  guide  format,  can  further  facilitate  training.  This  may  be  an 
effective  method  to  train  technicians  for  activities  that  occur  with  such  a  high 
frequency  that  development  of  job  guide  data  would  not  be  cost  effective.  The 
high  frequency  would  assure  sufficient  retention  from  one  occurrence  to  the 
next  (Reference  19). 

3.  4.  7.  2  Other  Audiscan  Applications 

Audiscan  equipment  is  being  used  in  U.S.  Army  Project  COBET  (Common 
Basic  Electronics  Training).  The  course  was  designed  around  the  systems 
approach  concept  to  training,  with  a  minimum  of  theory  and  a  maximum 
exposure  to  practical  training.  The  electronic  equipments  used  by  the 
were  categorized  according  to  the  basic  electrical  components  of  each  and  then 
set  up  into  common  groups  for  maintenance  training. 

Audiscan  audio-visual  projectors  arc  being  used  in  a  growing  number  of 
commercial  maintenance  information  presentation  programs.  Ryder  Systems,  a 
commercial  truck  rental  firm,  has  had  a  scries  of  25  films  produced  in  the 
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Audiscan  cartridge,  which  are  used  for  preventive  maintenance  and 
inspection  training  throughout  the  United  States.  Since  its  inception,  this 
program  has  been  expanded  to  technical  training  schools  and  other  maintenance 
areas  by  Ryder,  They  currently  are  using  approximately  125  Audiscan 
projectors. 

The  Navy /Marines  are  testing  and  using  Audiscan  film/sound  equipment 

for  presenting  supplemental  technical  manual  information  relative  to 

helicopter  maintenance,  Boeing-Vertol  developed  sound/film  step-by-step 

maintenance  instructions  (remove,  repair,  replace  and  checkout),  as  well 

as  troubleshooting  information  ^  ^  :  are  being  used  to  support  complex. 

helicopter  systems  (flight  control,  etc,).  Step-by-step  textual  procedures 

are  not  being  placed  on  the  illustrations  (on  the  16mm  roll  film)  as  was 

done  in  the  PIMO  program.  The  audio  portion,  which  is  synchronized 
* 

with  the  visual  (illustration)  portion,  describes  how  each  maintenance 
task  is  to  be  done. 
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3.  4.  8  Conductron-Missouri  Maintenance  Information 

Presentation  Devices 

The  Conductron  Company  of  St.  Charles,  Missouri  has  developed  several 
different  maintenance  information  presentation  systems  which  retrieve  images 
from  coded  16mm  microfilm  and  display  them  on  a  rear  projection  viewing 
screen.  Figure  3.  4.  8  shows  a  Conductron  developed  automatic  maintenance 
information  retrieval/display  unit  that  can  be  used  with  the  Conductron 
automatic  test  set  illustrated.  The  first  application  of  these  items  was 
with  the  Army/ McDonnell  MAW  (Medium  Assault  Weapon)  anti-tank  missile 
avionics.  The  display  unit  provides  maintenance-repair  instructions  when 
the  item  under  test  fails  a  specific  check. 

Conductron  has  developed  similar  16mm  maintenance  information  equipment 
called  Factfinder  and  MIRS  (Microfilm  Information  Retrieval  System). 

These  can  retrieve  any  coded  image  from  100  feet  of  16mm  microfilm  within 
10  seconds.  The  search  may  be  content  addressable  or  by  image  number, 
among  images  randomly  sequenced  on  the  film.  The  equipment  may  be 
portable,  airborne  or  stationary.  Control  may  be  manual  or  automatic.  A 
dry-process  printer  can  be  provided. 

In  the  search  mode  of  operation, the  code  columns  preceding  each  image  are 
electronically  scanned  and  compared  with  the  search  criteria  specified  by 
the  keyboard  settings.  The  operator  may  select  displays  of  each  image 
which  satisfies  the  search  conditions,  or  scan  the  entire  film  with  a  count 

I 

of  the  satisfactory  images  displayed  on  the  panel.  Other  controls  provide 
rewind,  single  image  forward  or  reverse,  and  manual  slewing.  The  keyboard 
function  can  be  provided  in  several  ways.  One  method  utilizes  thumbwheel 
switches  for  insertion  and  display  of  the  search  criteria.  Another  method 
uses  a  set  of  keys  to  insert  the  information  into  logic  registers  which  are 
displayed  by  incandenscent  readouts.  Combinations  of  these  two  methods 
are  also  available.  Remote  and  nutom.ntic  operations  are  provided  when  the 
search  criteria  arc  inserted  electronically  from  other  equipments.  Operation 
is  the  same  except  that  manual  input  is  eliminated. 
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The  optional  printer  can  make  8  1/2  x  11-inch  hardcopy  from  any  image. 

The  printer  uses  a  dry  silver  process  and  can  be  operated  in  any 
position.  The  control  logic  provides  automatic  printing  of  one  or  more 
copies  from  one  or  more  images  in  conjunction  with  the  automatic  search 
mode. 

An  additional  option  for  rider  access  can  be  provided  by  inclusion  of  a 
CCTV  reading  station  integral  with  the  projection  system,  or  because  of 
the  extremely  bright  screen  presentation,  an  external  CCTV  system  can  be 
used  to  look  directly  at  the  screen. 

The  basic  transportable  microfilm  information  retrieval  unit  has  a  weight  of 
90  pounds  and  a  volume  of  4.  3  cubic  feet.  Weight  of  the  airborne  unit  is 
less.  The  printer  option  adds  30  pounds.  Another  suitcase  type  portable 
microfilm  retrieval  unit  can,  with  the  appropriate  modular  power  supply 
plugged-in,  operate  off  of  either  50-400  cycle  single  phase,  28  VDC,  or 
internal  battery.  The  battery  module  incorporates  a  built-in  battery  charger. 

3.  4.  9  Martin-Marietta  MINIDATA  Unit 

The  MINIDATA  unit  shown  in  Figure  3.  4.  8  is  a  portable  maintenance 
information  presentation  unit  developed  by  the  Denver  Division  of  the  Martin- 
Marietta  Corporation.  This  unit  is  presented  since  it  employed  105mm  roll 
film  housed  in  a  cartridge.  The  prototype  used  off-the-shelf  items  and  weighed 
28  pounds.  A  30:1  reduction  provides  a  35,000  page  capacity  per  100  feet  of 
film.  A  hard  copy  printout  capability  was  not  initially  incorporated.  However, 
the  design  permits  adaptability  to  a  "piggy  back"  reader-printer  configuration. 

The  operator  uses  two  basic  mechanical  controls  to  obtain  the  desired  frame, 
One  control  selects  the  desired  vertical  column  and  the  other  control  selects 
the  desired  horizontal  row  along  the  entire  length  of  the  100  foot  film. 

The  latter  control  is  actually  two  separate  controls;  a  "fast"  handwheel  type 
control  for  rapid  search  capability  and  a  "slow"  control  for  pinpointing  the 
row.  Any  frame  on  a  100  fool  reel  can  bo  retrieved  within  30  seconds.  The 
105mm  film  permits  reproduction  of  large  schematics,  wiring  diagrams, 
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drawings,  etc. ,  which  can  be  viewed  by  skewing. 

3.«'4. 10  Remington  Rand  Applications 

The  Remington  Rand  Office  Systems  Division  of  the  Sperry  Rand  Corporation 
markets  roll  film  and  other  microfilm  equipment,  suitable  for  any  type  of 
maintenance  information  presentation  system,  from  desk  size  rotary  cameras 
to  processors,  readers,  reader-printers  and  storage  units.  Figure  3.  4.  10 
shows  a  typical  system.  The  rotary  camera  shown  (Model  88)  accommodates 
16  or  35mm  roll  film  and  its  16"  input  throat  accepts  pages  15-inch  v/ide 
which  includes  standard  14  x  17-inch  diagrams.  This  camera  has  a  built-in 
20-division  index  coding  system  called  MICRODEX  (Registered  Rand  Trade¬ 
mark).  This  built-in  system  automatically  codes  the  images  as  the  pages 
are  photographed.  Technical  manuals  must  be  taken  apart  or  guillotined. 

The  pages  (3  inch  stacks  accommodated)  can  be  filmed  rapidly,  as  the  camera 
operates  150  paper  feet  per  minute.  In  addition,  you  are  able  to  film  2  rolls 
simultaneously  with  one  passing  of  the  document  through  the  camera.  The 
advantage  here  is  that  both  the  active  and  security  roll  are  of  archival  quality 
and  both  time  and  money  are  saved  by  not  having  to  perform  the  duplicating 
process  (Security  roll).  Also,  the  added  cost  of  a  continuous  i^rm  contact 
printer  is  eliminated.  The  F-88  camera  weighs  175  lbs. 

Another  F-88  camera  feature  is  the  built-in  automatic  exposure  control 
system  that  assures  maximum  readability  of  the  microfilm  (resolution 
minimum  is  130  lines  per  mm). 

The  illustrated  reader-printer  weighs  68  pounds  and  the  printer  27  pounds, 

A  universal  model  is  also  available  that  accepts  16,  35  and  70  mm  rolls, 
aperture  cards,  microfiche,  film  jackets  or  film  sheets  up  to  8  x  5-inchcs. 

Any  length  of  print  can  be  selected  from  8  1/2  to  24-inches. 
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3.4,11  Information  Handling  Services  (IHS)  Reader 

A  low-cost  reader,  designed  around  a  dual-track  (super  8mm)  cartridge  that 
holds  50  feet  of  l6mm  film,  has  been  developed  by  the  Information  Handling 
Services  (IHS)  Corporation  of  Englewood,  Colorado.  Any  8  1/2  x  11 -inch 
page  can  be  located  in  less  than  30  seconds  by  turning  a  crank.  This  compact 
study  reader  requires  no  threading  and  uses  an  inexpensive,  mailable  film 
cartridge  as  shown  in  Figure  3.4.11. 

Its  unique  feature  is  the  super-8mm  image  with  a  37:1  reduction  ratio.  This 
permits  placing  2500  technical  manual  pages  (images)  on  each  half  of  a  50-foot 
strip  of  l6mm  film.  Turning  the  film  over  gives  additional  2500  images  for 
a  total  of  5000  pages  that  are  stored  in  a  cartridge  that  is  small,  light-weight 
and  strong. 

A  special  viewing  screen  with  a  Fresnel-like  front  surface  that  does  not 
reflect  room  light  made  it  possible  to  I’educe  lamp  power  to  20  watts.  Normal 
office-level  fluorescent  lighting  still  leaves  the  image  sharp  and  readable. 

A  two-way  manual  control  shifts  the  drive  automatically,  depending  on 
the  direction  of  handwheel  movement.  This  drive  also  includes  a  slip  clutch 
to  prevent  damage  to  film  at  the  end  attachment. 

The  film -cartridge  case  is  assembled  from  two  identical  molded  plastic  parts 
that  are  snapped  together  after  placing  the  film,  spools,  and  guides  in  the 
assembly.  The  cartridge  is  3-inches  wide  and  6  3/4-inches  long  and  with  its 
50-feet  of  microfilm  it  weighs  only  5  ounces, 

A  battery  operated  IHS  viewer  is  available  for  the  maintenance  technician 
who  works  in  a  remote  and  coJifinod  area. 

This  unit  and  its  super  8inm  image  will  provide  the  basis  for  the  lowest  cost 
technical  manual  system  riu’ventlv  availahlo, 
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Figure  3.  4.  1  1  LOW  COST  MICROFORM  VIEWERS 
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3.  4.  12  Taylor- Merchant  Hand  Viewers 

Thus  far,  electrically  powered  manual  and  automated  roll  film  maintenance 
information  presentation  systems  have  been  discussed.  The  question  is  often 
asked,  what  does  the  technician  do  when  there  is  a  power  failure  or  the 
maintenance  information  presentation  system  becomes  inoperative. 

Back-up  microfilm  presentation  systems  are  available  since  low  cost  hand 
viewers  may  be  used  in  an  emergency  for  short  duration  reading.  The  Taylor- 
Merchant  Corporation's  Microfilm  Division  markets  a  number  of  different 
types  of  low  cost  microfilm  viewers  that  permit  instant  retrieval  of  the 
microfilmed  data.  These  may  be  used  for  roll  film  as  well  as  microfiche, 
jackets,  unitized,  aperture  cards  and  other  microforms  as  shown  in 
Figure  3.  4.  11.  The  handviewer  shown  has  a  self-contained  light  source 
powered  by  two  conventional  penlite  batteries.  Two  models  of  this  version 
are  available  (12  x  or  16  x  magnification)  and  retail  for  less  than  $20.00. 
These  feature  a  pressure  plate  that  holds  the  microform  in  a  precise 
accurate  plane  for  accurate  viewing.  The  film  is  protected  from  scratching 
and  may  be  easily  moved  for  scanning.  The  optics  provide  for  maximum 
field  of  view  and  minimum  peripheral  distortion.  Other  non-battery 
models  of  varying  magnifications  are  available  that  use  any  available  light 
source.  Taylor-Merchant  also  produce  low  cost  desk  drawer  precision 
microfilm  projectors,  that  can  be  used  to  project  different  microforms  on 
a  sheet  of  paper,  on  a  wall,  or  on  a  screen.  For  desk  top  operation,  incandes¬ 
cent  or  ambient  light  does  not  interfere  with  the  projected  image. 
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4.0  NON-ROLL  FILM  MICROFILM  SYSTEMS/ 

EQUIPMENT 

4.  1  INTRODUCTION 

This  section  describes  non-roll  film  microforniat  systems /equipment 
and  applications  relative  to  the  storage  and  presentation  of  technical  manual 
information.  The  evaluation  approach  employed  in  this  non- roll  film  survey 
is  described  in  paragraph  3.2.  Non-roll  film  microforms  described  include 
the  following; 

Unitized 

•  Film  Slides 

•  Aperture  Cards 

•  Strip  Film/ Jackets 

Opaque  Cards 
Sheet 

•  Film  Chips/ Ultrafiche 

•  Microfiche 

There  are  various  manual  and  automatic  indexing  and  retrieval  approaches 
employed  in  non-roll  film  systems.  In  many  cases,  the  individual  microfiche, 
ultrafiche,  film  jacket  or  aperture  card  is  handled  as  a  separate  unit.  In 
automatic  retrieval  systems  digital  logic  is  used.  One  automatic  system 
mounts  the  microfiche  in  a  circular  carousel  tray  and  a  binary  coding  strip 
on  each  microfiche  is  used  to  provide  access  for  rapid  retrieval.  Other 
automatic  systems  locate  the  film  chip  on  a  compound  table  which  is 
positioned  to  the  desired  viewing  position  by  small  stepper  motors.  Other 
systems  employ  35mm  slides  in  cartridges  that  arc  accessed  via  remote 
control  (digital)  units  or  synchronized  magnetic  tapes. 

* 

4.1.1  Unitized  Microfilm  Descriptioh 

The  roll  film  systems  described  In  Section  3,  though  excellent  for  storing 
large  quantities  of  data,  arc  difficult  to  handle  when  individual  frames  are 
required  for  freqimnt  reference.  Unitizing  or  breaking  Ihe  microfilm 
up  into  easily  mnnipiilated  units  lessens  this  difficulty.  At  present  there 
are  sevnivil  methods  of  KUm  slide  systems,  that  are  described 
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in  the  first  portion  of  this  section,  may  be  considered  unitized  microfilm. 
However,  the  main  unitized  methods  or  concepts  are; 

Aperture  Cards  -  Individual  frames  of  microfilm  are  cut  out  of  the 
roll  ribbon  film  and  mounted  in  windows  cut  in  cards.  In  the  Film  sort 
version  these  frames  are  sealed  by  adhesion  around  their  borders.  In 
the  Microseal  variety, the  frame  is  held  in  a  pocket  of  1/2  mil  Mylar. 
These  cards,  which  come  in  many  sizes,  may  be  plain  cards  or  the 
coded  punched  cards  as  shown  in  Figure  4.  1.  1. 

Snap  Jacks  -  Here  the  individual  frame  of  microfilm  is  slipped  into 
a  ribbed  jacket  made  from  cellulose  tri-acetate.  Then  the  jacket  is 
snapped  into  an  aperture  cut  in  a  file  card.  As  with  aperture  cards, 
the  cards  may  be  of  various  forms  and  sizes. 

Acetate  Jackets  •  In  this  version^  short  strips  of  microfilm  are  slipped 
into  channels  formed  bet  veen  sheets  of  acetate  bonded  together.  Jackets 
range  in  sizes  from  3-1/4  x  5  to  5-1/8  x  8  inches  and  are  available 
for  16,  35,  and  70  mm  microfilm.  Acetate  jackets  arc  officially 
recognized  as  unitized  microfilm  but  in  this  evnluatior\ due  to  their 
potential  technical  manual  importance, they  are  placed  in  an  independent 
category  called  "microfilm  jackets"  (paragraph  4.  5). 

Pviper  Jackets  -  These  are  similar  to  the  acetate  jackets  but  arc  made 
of  3-ply  paper  stock.  The  film  is  slid  into  open  channels  cut  in  the 
card.  Acetate  protectors  .nay  or  may  not  be  used.  Paper  jackets 
range  fn  size  from  3  x  5  to  5-1/0  .\  8-lnches  and  arc  cut  for  16  and  35  mm 
film. 

4.1.2  Opaque  Card  Microform  PcscripUon 

Opaque  cards  (often  called  microcards)  are  n  microform  hut  are  not 
microfilm.  Reduced  microform  Images  arc  printed  on  an  opaque  surface 
and  require  special  opaquc-c.'trd  viewers  and  readers.  Microfilm  vie.ving  - 
equlpmenl  can't  he  u-^ed  to  vie r  or  read  the  opaque  Images. 
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4.  1.  3  Non-Unitized/Sheet  Microforms 

There  are  other  types  of  microforms  that  are  considered  by  some  as 
unitized,  though  they  do  not  abide  strictly  by  the  official  definition;  ''Unitize  - 
the  separation  of  a  roll  of  microfilm  into  individual  frames  and  insertion  in 
a  carrier''.  These  are  the  microfiche,  ultrafiche  (film  chip),  and  the  ’’paste¬ 
up"  variety  of  micropaper.  These  types  are  described  in  subsequent 
paragraphs  in  this  section. 

4.2  FILM  SLIDE  SYSTEMS 

4.2.  1  Videosonic  Audio-Visual  System  (Slide/ Tape) 

4.2.  1.1  General  Description 

The  Videosonic  System  which  was  originally  developed  by  Hughes  Aircraft 
is  now  produced  by  the  Weatherford  Corporation.  This  audio-visual  device 
uses  -sequentially  planned  instructions  on  magnetic  tape  together  with 
supporting  visual  aids  (synchronized  35mm  slides)  to  convey  maintenance 
information  to  the  technician.  The  .slides  are  viewed  on  an  integral  6x8- 
inch  screen  or  with  an  adapter  Icn.';  on  a  4  x  4-  foot  projection  screen. 

An  ultrasonic  (inaudible)  "beep"  recorded  on  the  instruction  tape  triggers 
each  slide  automatically.  Some  models  have  a  manual  override  ’’stop" 
switch  to  allow  an  inexperienced  person  more  time  to  study  any  selected 
frame.  The  system  is  suitable  for  repetitive  routines  such  as  calibration 
and  assembly  in  the  intermediate  and  depot  level  maintenance  arca.s. 

Hughes  initially  de.'-'Ignc’d  this  audio-visual  system  for  communicating  complex 
technical  infoi-mation  to  electronic  assembly  line  workers,  'Vlien  used  for 
on-the-job  instructions,  the  pi'ogrammed  material  resulted  in  accurate 
and  concl.so  task  definitions  that  showed  and  told  c.xactly  how  each  step  was 
to  be  performed,  in  sequence,  and  at  the  precl.se  moment  it  was  to  be  done. 
Th<*  most  complex  operations  were*  programmed  and  tested  (I’efercnce  2J). 

4.2.  1.2  Hughes  .Aircraft  Test.s  and  .Applications 

Titi.M  concept  was  initially  tested  on  Hughes’  electionics  production  linos. 
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The  instructions  were  programmed  so  that  they  took  into  account  the 
assembler's  time  and  the  physical  motion  required  to  get  parts  and  tools. 

This  provided  a  ''packaged''  environment  for  each  worker.  In  addition  to 
the  basic  audio-visual  equipment,  each  work  station  was  equipped  with 
adjustable  parts  bins,  vise-type  work  holders,  and  receptacles  for  all 
necessary  tools  and  soldering  irons.  Tests  indicated  that  when  assemblers 
were  transferred  from  one  job  to  another,  the  Videosonic  method  reduced 
retraining  time  from  a  month  to  a  week  based  on  a  goal  of  80^o  or  better 
efficiency.  In  addition,  assemblers  experienced  a  33%  increase  in  individual 
productivity  and  a  60%  reduction  in  rejects.  Other  results  included  more 
uniform  productivity,  the  freeing  of  supervisory  personnel  from  instruction 
duties,  and  a  50%  reduction  in  learning  time  for  assemblers.  Tests  indicated 
that  an  unskilled  assembler  could  achieve  at  least  80%  efficiency  on  a  new- 
job  with  a  week's  training  time  and  three  days  experience.  (Reference  22). 

Navy  Videosonic  Applications 


The  Naval  Toi’pedo  Station  at  Kcyport,  Washington  is  responsible  for  the 
preparation  of  audio-visual  maintenance  instructions  for  the  Mark  44  and  46 
forpedoes.  These  Na\y  maintenance  instructions  are  designed  for  use  in 
Weatherford  Videosonic  equipment.  These  audio-visual  instruction.^  are 
currently  being  used  at  over  50  Navy  activities  as  maintenance  aids  and 
shop  training  aids.  The  A-V  maintenance  instructions  are  used  at  the 
turnaround  maintenance  level. 

Other  Slide  Film  Approaches 

Decision  System  Projectors 

Figure  4.2.2.  1  .shows  several  typical  2  x  2-inch  random  acccs.s  projectoi' 
system.s  built  by  Decision  Systcnns,  Inc.  of  Paramus,  New  Jersey.  The 
top  rear-mounted  prc.'cntation  system  permits  random  access  to  80  slide.s. 
Thus,  operation  and  maintenance  information  pertinent  to  equipmciit  in  a 
given  ruck  can  be  retrieved  rapidly  (1.5  seconds  average)  and  bo  projected 
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on  a  glare-free  screen  under  high  ambient  light  conditions.  The  jam- 
proof  projector  uses  "non-spill”  carousel  type  racks  that  may  be  easily 
replaced.  Also, the  individual  slides  in  each  rack  may  be  easily  replaced. 

The  dial-a-slide  projectors  shown  in  Figure  4.2.2.  1  are  typiclal  of  those 
available  that  can  be  custom -fitted  into  consoles,  racks  or  vans  and  employ 
either  front  or  rear  projection  viewing.  The  digital  selection  system  used 
in  these  projectors  is  designed  for  interface  with  other  digital  equipment. 

The  selection  system  is  engineered  for  computer  control,  and  no  analog 
devices  or  "servos"  are  required.  The  use  of  contact  closures  for  slide 
selection  and  other  provisions  pi'ovides  full  electrical  isolation.  A  numerical 
indicator  on  the  control  unit  tells  the  operator  which  slide  is  being  projected, 
thus  permitting  instantaneous  coordination  with  supplemented  oral  or 
visual  printed  maintenance  instructions, 

4.  2, 2. 2  Ken  Cook  Audio-Visual  Systems 

The  Ken  Cook  Company  of  Milwaukee  has  developed  a  number  of  audio¬ 
visual  systems  that  employ  2  x  2-inch  slides.  These  sound-slide  systems, 
that  have  been  successfully  used  for  presenting  maintenance  information, 
are  built  around  the  Cook  Mark  VII  S/R  equipment  which  is  also  used  as  a 
student-paced  teaching  machine.  This  equipment  permits  projecting  the 
visual  image  directly  on  a  wall  screen,  or  the  image  may  be  projected  on  an 
attached  rear  projection  screen  in  console  units, as  shown  in  Figure  4.2. 2.  2. 
The  top  illustration  shows  this  equipment  employed  in  a  shop  workbench 
environment.  The  equipment  is  shock  mounted  in  order  to  absorb  the 
pounding  and  vibration  that  Is  characteristic  of  this  environment.  A  mobile 
console  is  also  available,  as  shown  in  Figure  4.  2. 2. 2.  Thc.se  units  use 
2  -N  2-inch  slides  (black  and  white  or  colored)  In  easily  removed  trays, 
and  magnetic  tape  cartridge.s  that  contain  the  programmed  step-by-step 
maintenance  instructions  that  are  synchronized  with  the  slidesi  l-lach  unit 
has  its  own  simplifier  and  speaker.  Jacks  are  provided  foi*  earpliono  usage. 
Those  units  have  been  employed  in  commercial  integrated  training,  produc¬ 
tion  line  and  maintenance  Information  support  programs.  The  sound-.slIdo 
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procedures  In  a  military  program  could  be  validated  in  the  in- 
house  training  program  and  on  the  production  line  before  employ¬ 
ment  in  the  field. 


4.2. 2. 3  Boeing  Brogramraed  Instruction  Applications 

Boeing-Vertol  has  developed  programmed  maintenance  instructions 
(PMI)  for  use  in  the  Ken  Cook  automated  sound-slide  equipment. 
This  PMI  program,  started  in  1967*  covers  helicopter  maintenance 
information  and  has  been  tested  in  Boeing's  Learning  Laboratory 
under  controlled  conditions.  One  test,  a  training  course  ap¬ 
plication,  resulted  in  a  35^^  Increase  in  student  retention  and 
a  19^  reduction  in  total  training  time.  The  Army. also  has  con¬ 
ducted  a  controlled  evaluation  program  at  Fort  Eustis  that  has 
proved  the  effectiveness  of  the  Boeing  developed  sound-slide  pro¬ 
grammed  maintenance  instructions.  The  Army  evaluation  program 
used  two  controlled  groups  (100  maintenance  technicians  in  each). 
The  first  group  used  the  programmed  instructions  prepared  by 
Boeing  and  the  second  group  of  100  technicians  were  taught  via 
conventional  classroom  methods. 


^.3  APERTURE  CARD  AND  OTHER  CARD  SYSTEMS 

4.3.1  Aperture  Cards 

Aperture  cards  are  punched  paper  base  cards  v;lth  an  'opening  spe¬ 
cifically  prepared  for  the  mounting  of  a  frame  or  frames  of  mi¬ 
crofilm,  These  have  long  been  the  standard  for  handling  engin¬ 
eering  data  largely  because  of  Department  of  Defense  endorsement 
and  resultant  contractual  requirements.  Since  engineering  data 
is  part  of  many  maintenance  Information  packages,  aperture  cards 
are  briefly  discussed  in  this  document, 

4.3 .1.1  Concorde  Aircraft  Aperture  Card  System 

Aperture  cards  or  7  x  3  inch  data  processing  (punched)  cards  with 
a  window  that  contains  an  individual  35mm  film  frame  are'  belng 
used  in  the  Anglo-French  Concorde  aircraft  microfilm  engineering 
drawing  program.  This  system  permits  a  rapid  daily  excharige  of 
engineering  drawing/data  between  France  and  England, 

The  British  Aircraft  Corporation  (BAG)  and  Sud  Aviation  are  making 
prototypes  of  the  free  world's  first  supersonic  airliner.  The 
microfilm  system  they  urfe  Is  a  development  of  the  3M  Company,  In 
this  operation,  each  completed  dravrlng  Is  photographed  several, 
times.  The  35cini  film  Is  processed  and  each  frame  mounted  In  aHx 
aperture  card  by  a  somiautomatlo  mounter  %hat  permits  the  operator 
to  check  the  Image  on  a  14  by  14  Inch  screen.  The  prepunched  card 
contains  selected  Information  and  all  data  cards  are  sorted  and 
(  I  listed  on  an  IBM  350  computer.  The  Concorde  .maintenance  manuals 
I  and  parts  catalog  will  also  be  placed  on  microfilm. 
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4,  3.  1.2 


Aperture  Card  Critique 


Engineering  drawings  and  data  on  apei'ture  cards  are  being  displayed  in 
readers  and  reader-printers  by  some  of  the  military  services  for  maintenance 
information  purposes.  Volume  production  is  not  ideal  since  usually  only 
one  image  is  contained  on  a  card.  Also,  the  cards, to  be  efficiently  handled, 
must  be  used  with  expensive  automated  equipment  at  large  fixed  installations 
and  therefore  are  not  suitable  for  portable  or  field  use.  Usually  tlie  aperture 
cards  are  stored  in  large  trays  and  are  retrieved  individually  by  hand.  The 
aperture  cards, with  the  cumbersome  traditional  hand  handling  method, 
are  being  superceded  by  microfiche  and  roll- film  concepts  with  their  rapid 
multi-image  film-based' approaches.  For  additional  information  on  this 
trend,  refer  to  Boeing's  new  engineering  drawing/data  microfilm  jac'rcet 
approach  described  in  paragraph  4.  6.3, 


4.3.2 


Otlier  Card  Microform  Systems 


This  portion  describes  two  large  (fixed  base)  microform  card  systems 
that  could  be  employed  for  storing  and  presenting  large  amounts  of 
technical  manual  infornTation  covering  all  maintenance  levels.  These  are 
the  MAGNAVUE  and  SELECTRIEVER  systems.  A  third  simple  opaque 
card  system  called  Microcard  is  also  described. 


4.  3.2.  1 


MAGNAVUE  System 


MAGNAVUE  is  a  large  fixed  sy.stem  developed  by  the  Magtiavox  Corporation 
for  storage  and  retrieval  of  microfilmed  information.  This  system  combines 
proven  microfilm  methods  for  storage  of  graphic  information  witli  the 
recording  of  machine-readable  data  using  photo-optic  and  magnetic  techniques 
in  a  single- unit  document  storage  medium. 

The  MACiN.AVUE  storage  and  retrieval  system  consists  of;  a  rapid-access 
file  for  the  .storage  of  up  to  675,000  microfilm  images  on  mylar  cai'd.s;  a 
four  drum  card  transport  unit  for  automatically  sorting,  selecting  aJid 
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purging  the  mylar  cards;  an  associated  copy  and  punch  station  for  making 
a  Diazo  copy  of  the  image  contained  on  a  card  and  for  punching  the  identifying 
digital  data  into  each  copy  card;  and  a  data  processor  for  making  the  logical 
decisions  required  in  the  control  of  the  AlAGNAVUE  equipment. 

Figure  4.  3.  2.  1  shows  the  13/8  x  3-inch  mylar  card  which  is  the  basic 
microform  used  in  the  MAGNAVUE  system.  Each  card  contains  a  1  1/4  by 
1  3/4-inch  area  for  the  storage  of  the  image.  Up  to  150  alpha-numeric 
characters  are  recorded  on  a  magnetic  portion  of  the  card  and  up  to  80 
alphanumeric  characters  are  permanently  recorded  on  the  card  as  black 
and  clear  spots  for  photo-optical  identification.  In  the  storage  and  retrieval  o 
microfilm  images,  the  image  portion  of  the  card  is  used  for  storing  a  micro¬ 
film  copy  of  the  relevant  data.  The  magnetic  portion  of  the  card  is  used  to 
record  digital  infprmation  for  identifying  this  microfilm  image,  while  the 
permanently  recorded  portion  of  the  card  also  stores  identifying  data  but 

in  permanent  form.  ; 

i 

Requests  in  the  form  of  i,dentification  numbers  provide  inputs  to  the  system. 
These  requests  are  immbdiately  answered  by  making  use  of  the  random 
access  capabilities  of  the  file, and  Diazo  copy  cards  are  made  of  each  desired 
microfilm  image.  Requests  are  answered  within  60  seconds  of  their 
input  to  the  data  processor. 


4.  3.2,2 


SE  LEG  TRIE  VER  System 


The  SETjECTRIEVER  System  developed  by  the  Information  System.s 
Division  of  the  IMosler  Safe  Comjjany  is  a  random  access  retrieval  sy.stcm 
that  can  accommodate  up  to  200,  000  individual  card  .size  (3  1/4x7  3/8- 
inch)  documents.  The  documents  may  be  either  aperture  card,  microfiche, 
or  even  ordinary  card.s  with  written  information  on  thorn.  Tins  system  is 
u.sed  in  a  number  of  non-tcchnical  manual  military  applications.  However, 
it  could  be  used  to  store  a  luigh  technical  manual/enginecring  data 
library  In  a  fixed  location  for  Depot  and  Intermediate  level  maintenance 
usage. 
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Figure  4.  3.2.2  shows  how  the  system  handles  information.  The  method¬ 
ology  for  access  is  based  on  notches  along  the  bottom  edge  of  the  card. 

Each  SELECTRIEVER  input  card  is  coded  with  35  round  holes  along  the 
bottom  edge.  Specific  holes  are  notched  out  to  identify  the  card  for  automated 
handling.  Punching  and  notching  may  be  combined  with  the  same  operation 
that  brings  the  cartridge  which  will  store  the  card  in  the  SELECTRIEVER. 

The  cartridge  has  a  capacity  of  100  unit  documents,  and  is  housed  in  one 
of  two  parallel  "honeycombed"  walls,  each  holding  1,000  cartridges. 

A  lightweight  cartridge  retrieval  mechanism  operates  between  the  two  honey¬ 
combed  walls.  It  moves  at  high  speed  to  retrieve  cartridges  in  response  to 
commands  entering  the  system  via  keyboard,  punched  paper  tape,  or  computer 
interface. 

The  retrieved  cartridge  is  automatically  forwarded  to  a  card-select  unit 
(there  rhay  be  several  on  one  SELECTRIEVER)  where  the  round  holes  in 
the  cartridge  and  the  card  contents  are  engaged  by  the  code  mechanism. 

This  device  positively  restrains  all  but  the  selected  card. 

The  contents  of  the  cartridges  are  then  "fanned"  over  a  stream  of  controlled- 
velocity  air  which  first  separates  the  adjacent  card.s  fj'om  the  selected  card. 
This  card  is  lifted,  encased  in  a  protective  sheath  of  air,  and  either  presented 
to  the  operator  or  run  up  into  a  platen  In  an  optical  path  for  automatic 
copying,  projection,  or  image  transmission,  depending  on  the  output  chosen. 

This  system  can  store  large-size  graphic  data  uch  as  cngineei'ing  drawing.s) 
and  alphanumeric  data  (engineering  change  ordcr.s  and  Icclwiical  manuals) 
intermixed  in  a  single  file  module. 

The  retrieval  of  Items  of  Information  from  the  file  is  accomplished  auto¬ 
matically.  In  systems  not  computer  controlled,  the  retrieval  operation  is 
performed  upon  entry  of  a  unique  document  Identifier  (tlrnwlng,  part 
number  or  technical  manual  number/page  for  example)  at  a  keyhoarti 
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request-entry  device.  Computer  control  of  a  system  permits  the  computer 
to  direct  the  system  to  retrieve  a  large  number  of  technical  manual  pages 
or  drawings  based  on  one  request  entry.  Computer  control  also  permits 
requests  to  come  from  punched  cards,  magnetic  tape  and  mark-sense  cards, 
as  well  as  from  keyboard  terminals. 

Indexing  (edge-notching  of  file  documents)  and  storage  (infiling  into  the 
information  store)  ^accomplished  automatically.  The  file  operator  enters 
the  document  identifier  at  the  keyboard,  inserts  the  document  into  the 
notcher,  and  then  inserts  that  document  into  the  cartridge  which  was 
delivered  to  the  file  maintenance  station  simultaneous  with  the  notching 
operation.  The  cartridge  is  automatically  returned  to  its  correct  location 
in  the  file. 

18  X  24-inch  hard  copy  may  be  automatically  produced  at  the  central  file. 

In  addition,  9  x  12-inch  hard  copy  may  be  produced  directly  at  remote 
request/ display  stations.  Retrieval  time  is  6.  5  seconds  (average).  Outputs 
available  include  hard  copy  and  television  display  and  Diazo  film  duplicates 
(card-to-card  and  card-to-roll).  The  system  is  equipped  with  8-chanr.el 
time  sharing  logic  elements  so  that  multiple  users  have  simultaneous  access, 
to  information  in  the  file. 

4.  3.2.  3  Microcard-Opaque  System 

The  Microcard  system  dex  eloped  by  the  !\Uorocard  Reaiier  Company  (Now 
I^CR)  employed  3  x  5-inch  cards  tliat  contained  uj)  to  40  page.s  of  conventional 
technical  manual  pages  (  8  1/2  x  11 -inch)  photogrnplied  on  each  side  (a  total 
of  80  page.s  per  card).  A  reduction  ratio  of  1:18  was  used  and  the  opaque 
cards  are  viewed  in  inexpensive  National  Cash  Kcgi.stei'  (NCR)  desk  viewers 
or  hand  readers,  as  shown  in  Figure  4,  3.  2.  3. 

The  Army  Mi.ssilc  Command  used  Microcards  in  conjunction  with  the 
Sergeant  Missile  System.  In  1963,  the  Army  fared  the  problem  of  finding 
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a  practical  way  to  furnish  the  SIlUCIIlAXT  maintenance  technicians  v.  itli 
the  data  contained  on  a  vei-y  large  mimbei-  of  computer  pj-intouts,  some 
33,000  pages.  To  publish  the  data  in  conventional  Department  of  the 
Army  technical  manuals,  would  liave  been  vei’y  expensive,  and  the  bull:  of 
the  volumes  would  have  been  impractical  to  handle  in  shops  and  equipinent 
vans.  The-  Army  used  microcards,  reducing  the  images  on  3  x  5-inch 
cards.  r,y  this  means,  bulk  was  drastically  reduced  aiid  so  was  cost. 

'J'he  Army  Audit  Agency  certified  a  savings  of  ovei’  a  half  million  dollars. 
J’he  project  adequately  furnislied  the  required  data.  'J’he  microcard.s 
supplemented  t;.e  sta.ndai'd  technical  manuals.  'J’hey  were  used  to  ti'ouble- 
shoot  the  fault  Isolation  equipment  (including  the  computer)  in  the  Sergeant 
te.st  van.s.  The  text  consisted  of  tabular  data  and  line  illustrations. 


Heading  printed  technical  manual  pages  on  mici'ocards  is  not  as  easy  as 
microfichq  although  opaque  cards  Iiave  a  resolution  factor  of  100  linc.s/mm. 
Tlie  user  of  the  ojiaquo-reader  must  view  the  screen  from  directly  in  front 
of  the  screen,  a  di.sadwantage  to  the  maintenance  tcclinician  on  tlie  job. 

1 1  O'.- over ,  the  following  mierocard  advantages  should  be*  noted.  'J’cclinieal 
manual  page  cluuiges/ revisions  and  insertion.s  arc  eliminated  with  micro¬ 
cards.  It  is  eeonomica.l  to  reproduce  tlie  whole  manual  with  each  change. 
'The  integrity  of  field  information  is  assui-ed,  for  the  maintenance  technician 
merely  discards  the  old  card(s)  once  he  receives  the  new  card(s).  The 
maintenaiu'C  technician  can  easily  cai'ry  with  him,  in  a  lightweight  (23  pounds 
without  carrying  case)  jiort.ablc'  readi>r,  all  the  necc's.sary  information 
'retjuired  to  peiTomn  maintenance  and  may  u.se  a  hacku])  hand  \ic'wer  in 
confined  areas  or  if  the  tHirlab’e  reader  fail.s.  Alicroe.ard  imagC'S  are 
in'inted  on  an  opaciue  surface  and  therefma-  cannot  la-  read  with  othei’ 
mici’ofilm  viewing  cquijmienl. 


•1.  3.2. 


AAlh'  Mierocard  .^vstem 


AAH'’,  Incorj>oraled  of  Santa  Darbara  also  developed  a  simple  ojiafiiie 
mierocard  api'roach  tint  is  caH.'^d  AM  l■■ile.  It  has  four  elements:  a  portable 


sun  I 


l'  ’  .1-  iM  V  .  r  •  :  ' 


USE  FOR  TYPEwai  n  MATERtAL  CS>ILY 


- --rr'^  iitjffiflitHiijjr  r  -  ri  ;ii^ 


NU//[if:k  D2-125717-3 

T..£  COMI-Ar^V  |^](^ 


{ 


( 


viewer,  microcards,  matrix  cards,  and  a  sorting  needle.  The  system  has 
considerable  flexibility  in  application.  The  card  size  can  be  varied  to  match 
a  particular  application.  Second,  the  text  and  grafdiics  on  the  microcards 
can  be  laid  out  in  a  more  efficient  format  than  tlie  fixed  sequential  boo!: 
sequence.  To  speed  up  tlie  retrieval  of  specific  infoi-mation  from 
microcards,  AMI'  edge-patched  each  card.  This  [permitted  immediate 
retrieval  of  the  microcard  identified  with  a  particular  fault,  coini)onent, 
sub-system  or  system.  Next,  the  technical  information  was  organized  in  a 
way  tliat  best  met  the  usci"'s  need. 

Using  the  principle  of  exclusion,  AMF  made  available  to  the  user  only  tlic 
information  he  needed,  and  blanked  out  all  other  information.  Thi.s  was 
uceompllnlied  by  uniiif'  aitolliei'  M  >;  rc^lncli  ovm'lay  curd  called  liie  ■malj'ix’' 
card.  This  card  was  edge-punched  at  the  top  to  matcli  tl'.e  dc.sired  micro¬ 
card,  and  had  apertures  or  little  windows  punclied  in  it  to  show  only  the 
desired  portions. of  the  tnicrocard.  The  matrix  or  masking  card  could 
also  be  coloi’  coded  to  identify  the  function  being  performed.  In  thi.s  way, 
there  could  be  a  separate  card  with  different  cut-out  patterns  for  different 
types  of  functions  (operation,  maintenance,  inspection,  etc.).  .AMI' 
demonstrated  tliat  the  miorocard  maintenance  information  layout  could  be 
designed  to  eliminate  mucli  of  tlie  redundancy  in  tlie  rejietitivc  maintenance 
instructions,  tool  lists,  and  checkout  procedures  now  found  in  conventional 
printed  teclinical  manuals. 

A. -I  FILM  Ciill'S/UI/niAFIC'IlF 

•1.  A .  1  Introduction 

High  image  den.;ity  films  that  cmplo\  new  technology  liave  in  recent  years 
increased  greatly  tlie  number  of  images  that  may  be  stored  on  microfilm. 
These  new  films  are  sometimes  called  film  cliips,  ultraficlie  oi’  ultra- 
microfoi-ms  (UMF),  Tlie  liigh  reduction  r;  tios  (over  lOO;  1)  of  the  ultra¬ 
fiche  jiermit  the  numher  of  images  .stored  in  a  small  space  to  range  from 
tliousands  to  millions  of  [lagcs.  For  examjile,  with  a  .300:1  linear  reduetioii, 
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the  resultant  area  reduction  is  90,  000:1.  The  following  ultrafiche  systems 
and  equipment  that  are  described  include  the  National  Cash  Register  PCMI 
system  and  Microform  Data  Systems'  MINDEX/ ULTRAFILM  system. 

4.  4. 2  PCMI  Ultrafiche  System 

National  Cash  Register  (NCR)  has  develdped  an  ultrafiche  approach  called 
PCMI  (Photochromic  Micro  Image).  PCMI  is  a  trademark  of  the 
National  Cash  Register  Company.  The  final  ultrafiche  product  is  a  4  by 
6-inch  transparency  with  up  to  3,200  images  represented  on  it  in  matrix 
form,  as  shown  on  Figure  4.  4.2.  The  transparency  can  be  reproduced  and 
inexpensive  dissemination  copies  easily  made.  Each  dissemination  copy 
is  laminated  in  a  plastic  that  precludes  contact  printing  of  any  additional 
copies.  This  controls  unauthorized  duplication  and  provides  protection 
for  the  original  publisher. 

The  following  is  a  summary  of  some  of  the  PCMI  features; 

•  Although  a  150:1  reduction  ratio  is  used,  PCMI  film  positives 
are  grain  free  and  capable  of  high  resolution  (100  0  lines/mm). 

•  Retrieval  requires  first,  that  one  knows  which  transparency  to 
insert  in  the  machine.  This  requires  a  carefully  planned  index 
for  the  3200  pages.  Second,  each  page  ha.s  a  left-hand  bottom- 
edge  index.  The  LII  index  is  the  same  for  each  page  in  the  trans¬ 
parency.  Thus,  it  does  not  matter  whicli  page  randomly  appears 
when  the  transparency  is  first-  inserted.  The  LH  index  tolls  which 
row  contaiius  the  information.  The  bottom-edge  Index  tells  which 
page  in  a  row  contains  the  subject  material,  A  simple  X-Y  control 
moves  the  transparency.  Retrieval  is  fast.  A  demonstration, 
u.sing  the  Ford  Motor  Company's  Parts  Catalog,  showed  retrieval 
of  a  given  transparency  required  about  2  seconds. 
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•  The  viewer  shown  in  Figure  4.4,2  displays  the  original  size 
image.  Clarity  and  resolution  are  good.  The  usual  difficulty 
with  ground  glass  screens  is  experienced.  One  must  align  his 
eyes  normal  to  the  image  detail  to  avoid  visual  distortion.  The 
viewers  employ  an  easy-to-use  line  focus.  Gross  focus  is  auto¬ 
matically  maintained.  The  11  x  11-inch  rear  projection  diffused 
surface  screen  can  be  used  without  difficulty  in  a  well-lighted 
room, 

•  High  Density  Storage  is  an  attractive  feature.  The  150:1  reduction 
allows  a  total  of  3220  8  1/2  x  11-inch  pages  per  4  x  6-inch  trans¬ 
parency.  A  total  of  153,600  8  1/2  x  11 -inch  pages  can  be  stored  in  a 
cubage  of  4  x  6  x  1 -inches. 

•  Transparencies  will  withstand  temperatures  up  to  175*F.  Readability 
is  not  degraded  by  scratches,  dirt  or  grease. 

•  Cost  of  a  PCMT  Master  is  $400  for  set-up  plus  $0. 15/page.  A  3220- 
page  master  costs  $883.00.  Viewing  copies  cost  $1.00  each. 

•  Readers  cost  approximately  $700  in  commercial  form.  A  Mil-Std 
version  has  been  environmentally  tested  by  the  Naval  Supply  Systems 
Command.  (Cost  of  the  Mil -Sid  version  was  not  available.) 

•  Reader  size  is  26  x  16  x  24-inches  and  weight  Is  60  pounds. 

The  steps  utilized  in  forming  PCMl  transparencies  are  as  follows: 

•  Camera-ready  repi’oducible  technical  manual  copy  organized 
according  to  a  detailed  index  plan  is  required, 

•  A  15\  reduction  is  made  on  .35mm  stock  higJj-quality  microfilm, 

•  The  35-mm  copy  Is  fed  to  an  NCR  Camera  Recorder  where  It 
undergoes  a  lOX  reduction. 
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•  With  appropriate  filtration,  near  ultraviolet  light  is  directed 
through  the  transparent  microfilm  and  into  micro-image  optics^ 
forming  a  miniature  image  on  the  photochromic  coating. 

•  By  a  step-and-repeat  process,  multi-image  m.atrices  of  these 
miniature  images  are  formed. 

•  The  matrix  is  then  transferred  to  high-resolution  photographic 
emulsion  by  contact  printing. 

•  The  photographic  emulsion  is  developed  under  controlled  conditions, 
resulting  in  a  4  by  6-inch  photochrome  dye  master  film  positive, 

•  A  contact  negative  is  made  (up  to  5  negatives  can  be  made  from 
one  master). 

•  Contact  printed  film  positives  are  made  from  the  negatives.  These 
positives  are  laminated  between  protective  sheets  of  material. 

For  full  automatioriiWith  document  storage  in  the  millions  of  document 
pages,  the  NCR  system  uses  an  automated  file  and  an  automated  viewer. 

The  fil^  and  viewer  are  controlled  by  a  general-purpose  orspecial- 
purpose  computer.  In  the  fully  automated  system,  a  search  is  instituted 
in  the  computer  for  documents  matching  specific  search  parameters.  When 
a  match  is  made,  the  location  of  the  document  is  transmitted  to  the  PCMl 
system  for  automatic  retrieval  of  the  card  and  automatic  positioning  of  the 
viewer  table. 


Viewers  provide  enlargement  of  the  micro-image  to  approximately  the 
original  document  .size  for  screen  viewing.  This  approach  provides  the 
following  additional  output  features,  where  required. 

•  A  full-size  hard-copy  printout  may  be  obtained  using  standard 
photographic  techniques. 

•  A  standard  microfilm  (16mm  or  35mm)  of  the  micro-image  may  be 
obtained,  using  standard  photographic  techniques.  The  microfilm 
may  then  be  used  ns  input  to  other  standard  techniques,  e.  g. , 
xerography  or  copy  flow  printing. 
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3  Microform  Data  Systems  (AIDS) 

An  ultrafiche  or  film  chip  system^ dcvcloi>ed  ljiy,,the  Republic  Aviation 
Division  of  Fairchild- Hiller^ was  initially  used  in  the  Air  Force 
teclinical  manual  improvomont  program  (paragraphs  6.2.4  and  6.2. 6.2). 

This  px*ogi-am  employed  2  x  2 -inch  laminated  photographic  film  chips, 
each  containing  approximately  9800  8  1/2  x  11 -inch  C-141A  aircraft 
technical  manual  pages.  The  information  images  (pages)  wore  arranged 
on  each  chip  in  a  99  x  99  mati’ix.  Those  images  were  randomly  retrieved 
electronically  by  a  digi-switch  and  viewed  in  a  5  1/2  x  5  1/2-inch  screen 
in  a  portable  liglitwcight  viewei-.  In  mid-1968.  Microform  Data  Systems 
of  Palo  Alto,  California  acquii’od  all  patent  rights  of  this  "Alicro-Vuo" 
System  from  Fairchild- Hill _r  and  has  since  developed  impi'oved  automatic 
readers  called  MI.NDEX  (trade  name)  that  employ  ’'ultrafilm".  Figure  4.  4.  3 
shows  how  "ultrafilm’'  compares  to  other  media  relative  to  storage 
capacity.  The  AIIXDEN  readers  e’mploying  the  ultrafilm  media^could  be 
usqd  for  tile  storage  and  i-etricval  of  maintenance  information.  The  MIND13X 
can  be  used  as  a  stand-alone  random  access  storage  device,  or  equipped 
with  an  intei'iial  video  display  attachment  and  connected  to  a  local  or 
remote  computer  system.  When  used  to  complement  a  computer  system, 
the  AII.NDEX  can  provide  random  access  to  a  largo  file  of  static  information 
stored  in  tlic  reader. 


Otiiej'  standard  features  include: 

■  .Storage  Capacity:  20,000  I’ecords  oi*  jiages  (!’.  1/2  x  11 -inches)  at  210.X. 

•  .‘Access  Time:  .Se<|uontial,  less  than  1.0  seconds;  Random,  3.  0  seconds; 

Average,  6.  0  seconds  maxinium. 

Ullrasti'ip  Storage:  10  internally  stored  ultraslrips  ai’e  standard. 

Easy  file  I'eplacenient  and  updating  are  featured. 

•  Screen  Size:  12  x  12-inclies. 

»  Weiglil:  90  pounds 

•  Controls:  lO-key  numeric  keyboard,  on-off,  page  lorward/page  back. 
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Special  additional  features  include; 

'  a 

•  Printer  Attachment:'  Electrostatic  printer  (10  seconds  print  time). 

•  Additional  Internal  Storage;  Available  in  three  increments  for  a 
total  of  40,000,  80,000  or  120,000  records  (pages), 

•  Display  Attachment;  Internal  video  display  unit  with  computer 
interface. 

•  Computer  Attachment:  Provides  input  to  local  or  remote  computer 
from  numeric  keyboard. 

Updating  is  accomplished  easily  and  economically  by  simply  replacing 
ultrastrips.  Since  a  single  ultrastrip  contains  up  to  2,000  records,  there 
are  fewer  replacements  per  update  (replace  only  one  ultrastrip  instead  of 
twenty  conventional  microfiche)  and  the  cost  of  updated  conventional  micro¬ 
fiche  can  be  cut  up  to  90  percent  according  to  Micro  Data  Systems. 


4.5.  1 


MICROFICHE 
General  Information 


Microfiche,  which  is  sheet  film  in  the  form  of  a  film  card,  usually  measures 
approximately  4  x  6-inches.  Microfiche  is  a  French  word  meaning 
collection  of  data  in  a  small  package.  Two  standard  reduction  ratios  are 
widely  used  —  20;  1  and  24:1.  The  20;  1  COSATI  (Committee  on  Scientific 
and  Technical  Information)  standard  microfiche  contains  up  to  60  pages 
(8  1/2  X  11 -inches).  The  24;1  NMA  (National  Microfilm  As.sociation) 
commerical  microfiche  contains  up  to  98  puge.«.  .An  eye-legible  heading 
includes  the  classification  or  identifying  number,  document  title,  source  • 
and  other  basic  identifying  information. 

Microfiche  (or  fiche)  may  be  produced  with  either  positive  images  (black 
image  on  clear  background)  or  negative  inutges  (clear  images  on  black).* 

If  hard  copy  printout  is  a  major  requirement,  negative  fiche  arc  used  to 
give  a  black  on  white  paper  copy,  since  the  image  is  rever.sed  in  processing. 
Ifmaterial  edit nin.^  a  largo  number  of  plwitogrnphs,  po.sitive  flehe  are 
indicated  for  reader  scanning,  since  It's  difficult  to  Interpret  a  negative 
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image  photograph. 

In  general,  any  standard  system  of  classification  and  indexing  can  be 
applied  to  microfiche.  A  variety  of  automated  and  semi-automated 
retrieval  equipment  is  available,  and  since  the  microfiche  heading  is 
eye-legible,  hand  filing  is  widely  used.  Edge  notch  systems  for  direct 
needle  sort  are  applicable  (paragraph  4. 3. 2, 2  describes  the  Mosler 
SELECTRIEVER  "needle-sort"  system)  and  reduce  the  title  block  area 
only  about  1/4".  Such  basic  devices  as  upstanding  tabs  or  selective 
filing  contours  can  also  be  used  to  simplify  filing  in  the  proper  subdivision. 

Microfiche  is  the  fastest  gron  ing  microformat!  At  a  joint  meeting  of 
the  Aerospace  Manufacturer’s  in  Seattle,  Washington  at  the  Boeing 
Comparty  on  6  December  1968,  it  was  predicted  that  microfiche  would 
replace  aperture  cards  in  the  engineering  drawing  field.  The  Federal 
Government  has  selected  microfiche  as  the  standard  for  agency  technical 
data  distribution  systems.  Fifteen  million  microfiche  will  be  distributed 
by  the  government  this  year.  At  the  beginning  of  1969,  the  National 
Microfilm  Association  forecast  an  18  percent  increase  in  dollar  volume 
for  the  industry  for  the  year,  a  volume  reaching  toward  $400  million. 


4.5.2 


Microfiche  Characteristics  and  Advantages 


The  Bell  and  Howell  Company,  that  markets  a  full  complement  of  micro¬ 
film  systems  Including  roll  film,  cartridge  rolls  and  microfilm  jackets, 
has  also  been  one  of  the  leading  proponents  of  microfiche.  Their  recent 
emphasis  on  this  microformat  is  founded  on  tlie  following  characteristics 
and  advantages; 

Quality  Microfiche  exceeds  quality  standards  of  roll  or  cartridge 

film.  Line  drawings  and  schematics  require  high  resolution 
in  Viewing  and  printing.  Resolution  measures  from  140 - 
180  lines  per  millimeter. 
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Design  This  is  an  impoi'tant  factor  in  flight-line  and  shop 

fEqi^^pm^it)  maintenance  operations.  Individual  page  retrieval  that 
operates  similar  to  present  look-up  techniques  results 
in  quick  user  transitions.  Equipment  is  low  cost  and 
rarely  inoperative.  Portable  battery  readers  insure 
a  100%  operational  system. 

Flexibility  A  complete  family  of  readers  and  reader /printers  is 

available.  The  difference  in  microfiche  equipment  versus 
cartridge  units  permits  taking  the  system  to  the  users. 

More  vie^ving  units  can  be  provided  which  saves  valuable 
time. 

Drawings  and  schematics  can  also  be  microfiched.  Readers 
with  14  X  20-inch  screens  project  a  full  "B''  size  drawing. 
Revisions  can  be  made  as  they  occur  and  not  as  dictated 
by  cycles  or  economy  factors. 

Continuing  hard  copy  print  costs  are  as  much  as  50% 
lowerthan  16mm  cartridge  systems. 

Reader/printers  provide  positive  prints  from  either 
positive  or  negative  film. 

Individual  units  of  maintenance  information  are  always 
accessible  and  not  grouped  vvitli  hundreds  of  others  as 
with  roll  film.  Additions  to  the  main  body  of  information 
can  be  interfiled  easily  and  obsolete  data  removed. 

Inforn.intiQn  is  available  in  small,  casy-to-manage  uniis. 

The  average  technical  manual  is  160  png!;n  in  length  and 
can  be  reproduced  on  two  microfiche. 

Distrilnition  Microfiche  is  the  least  expensive  and  less  troublesome. 

No  cartridges  to  return  for  re-loading,  no  IntJols  to  be 
peeled  off  for  new  indexing.  Regular  .si  zo  envelopes 
are  used  for  most  di.stribulion  npplii'ations ,  Replacement 
is  nlmosi  immediat<‘  and  revisioiu!  are  fast  and  simple. 
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Futuristic 

Concept 


The  microfilm  industry  is  currently  spending  large 
amounts  of  research  dollars  in  microfiche  systems  -  not 
in  cartridge  programs.  For  the  last  two  years,  the 
National  Microfilm  Association's  (NMA)  annual  convention 
has  been  dominated  by  microfiche  equipment  and  systems 
applications  supporting  this  microform. 


In  addition  to  the  general  advantages  just  citeci  there  are  other  microfiche 
advantages  relating  specifically  to  technical  manuals.  Within  the  basic, 
microfiche  format  there  is  considerable  flexibility!  The  size  and  type  of 
photographed  material  placed  on  the  microfiche  can  vary,  as  indicated  in 
the  illustrations  provided  in  Appendix  A  in  the  rear  of  this  document. 
Either  16,  35  or  105  mm  film,  or  a  combination  of  these  sizes,  can  be 
used  on  one  microfiche.  For  instance,  a  D-size  engineering  drawing  on 
35mm  film  can  be  incorporated  on  a  microfiche  composed  otherwise  of 
16mm  film.  See  Appendix  B  for  a  microfiche  characteristics  checklist. 

Technical  manual  fold-out  diagrams  of  any  length  can  beTilmed  on 
microfiche  using  flow  cameras.  Thus,  a  16mrn  flow  camera  can  film 
on  microfiche  a  schematic  diagram  up  to  12 -inches  high  of  any  length. 

A  35mm  flow  camera  can  film  a  diagram  of  up  to  24  inches  high  of  any 
length.  A  schematic  diagram  approximately  ten  feet  long  can  be  reduced 
to- one  row  on  a  single  microfiche.  Also,  computer-generated  data  on 
microfilm  (COM)  can  be  placed  on  microfiche.  High  speed  microfilm 
cameras  can  film  up  to  15,  000  lines  per  minute. 

The  following  paragraphs  describe  a  number  of  microfiche  systems 
including  the  U.  S.  Army's  Microm  system  and  IIF  Imago  Systems' 
automatic  CARD  microfiche  system.  Numerous  other  microfiche 
systems /equipment  are  listed  in  the  Appendix  in  the  rear  of  this  document. 
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4.  5,  3  Army  MICROMS  Microfiche  System 

4.  5.  3.  1  "  Introduction 

MIGROMS  is  an  aci'onym  for  Maintenance  Information  Concerning  the 
Repair  and  Operation  of  Missile  Systems,  This  system  features  the 
storage  of  technical  manual  information  on  microfiche,  unique  indexing 
and  format  methods,  and  manually-operated,  rugged,  portable  microfiche 
readers  designed  for  field  use.  This  system  was  developed  in-house  by 
the  Supply  and  Maintenance  Directorate  of  the  U.  S,  Army  Missile 
Command,  Redstone  Arsenal,  Alabama.  The  Army  Missile  Command 
has  been  active  in  experimental  work  on  military  technical  manual  micro¬ 
format  applications  since  1963  and  has  pioneered  numerous  successful 
microfiche  technical  manual  applications.  They  also  have  developed 
successful  16mm  maintenance  information  display  systems  such  as  the 
FLATTOP  and  EDS  programs  (paragraph  3.  4,  3,  4  and  3.  4.  3.  5). 

Major  General  Charles  Eifler,  in  the  foreward  of  the  August  1969  U.  S. 
Army  MICROM  Report  (Reference  2  3  Instates:  "From  what  has  been 
learned  (in  the  AIICROM  studies),  it  appears  that  microfiche  is  ready 
to  take  over  part  of  the  job  of  supplying  maintenance  information".  This 
report  cites  the  following  four  major  technical  manual  problems  that 
led  the  Army  to  actively  move  ahead  with  the  MICROM  program; 

Space  Most  of  the  Army's  modern  support  equipment  is 

mounted  inside  compact  vans.  Many  of  these  vans  do 
not  have  the  space  to  store  the  manuals  properly. 

Retrievability  As  the  si?.e  and  number  of  technical  manual  volumes 

grow,  it  becomes  harder  and  more  Inconvenient  for 

the  technician  to  find  wliat  he  needs,  and  to  make  use  of 

» 

it  efficiently.  Sometimes,  the  manual  he  needs  is  not 
in  the  van  and  he  has  to  go  after  it.  Tlicn,  there  may 
not  be  adequate  table  space  to  use  the  technical  manuals. 
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Concurrency 


He  may  have  to  improvise,  perhaps  spread  them  out 
on  his  lap.  There  is  also  an  adverse  psychological  factor 
The  Army  asks;  'Tf  it's  inconvenient  to  dig  out  infor¬ 
mation,  will. the  technician  go  to  the  trouble?  ' 

There  are  two  aspects  to  the  problem  of  keeping 
technical  manuals  up  to  date.  Firsts  it  takes  the 
Army  from  one  to  six  months  to  print  and  distribute 
a  change  to  a  manual.  (The  average  time  was  recently 
running  over  100  days).  Second,  it's  trouble  and  it 
takes  time  to  insert  change  pages  in  a  manual.  This 
becomes  quite  complicated  when  only  certain  serial 
numbered  equipment  and  modifications  to  equipment 
are  involved.  It's  possible  to  make  mistakes.  Present 
technical  manual  updating  methods  are  inefficient  and 
time  consuming  to  a  serious  degree. 

The  Army  has  an  84  million  dollar  collection  of 
technical  manuals.  Printed  manuals  are  expensive  to 
print,  ship,  handle,  and  store. 


Thus,  the  Army  investigated  various  microfilm  media  and  concluded  that 
microfiche  will  alleviate  the  space,  retrievability  and  concuimency  problems 
just  cited.  They  also  feel  that  microfiche  could  substantially  reduce 
maintenance  information  costs. 

The  Army  also  considered  numerous  new  techniques  currently  available 
for  storing  and  retrieving  operation-maintenance  (technical  manual) 
information  by  canputers,  but  concluded  --  "at  this  stage,  tliey  appear  too 
exotic  and  complex  for  field  usage”  (Reference  23  ).  Thus,  for  the 
present,  microfiche  appears  to  be  the  practical  answer  for  the  Mi.ssile 
Command  of  the  U.  S.  .Army.  They  investigated  film  chip  (ultra  fichc) 
aperture  card,  microcard  and  roll  film  concepts  before  selecting  micro¬ 
fiche.  Roll  film  was  a  strong  competitor  but  had  these  dlsadvantagcn; 


Cost 
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Difficulty  of  indexing  data 

’I'  Cost  of  updating  -  to  update  a  single  page,  it  is  necessary  to 
distribute  a  new  100-foot  roll  (2600  pages)  to  each  user. 

*  Viewing  equipment  is  relatively  bulky,  heavy,  and  expensive. 
Equipment  was  not  readily  adaptable  to  compact  quarters. 

*  Flexibility  of  format  limited. 

Microfiche  was  finally  selected  in  the  MICROMS  program  for  a  number  of 
reasons,  e.g,economical  to  produce  and  change,  flexible  format,  and  viewing 
equipment  was  less  builky  and  expensive  and  more  adaptable  for  use  in 
compact  quarters  , 


4.  5. 3.2 


MICROM  System  General  Description 


The  goal  of  the  MICROMS  project  'vas  to  develop  a  portable  maintenance 
information  presentation  system  that  would  be  simple  and  economical  to 
operate  and  maintain.  The  maintenance  information  was  placed  on  NMA 
4  by  6'’ inch  microfichq,  using  a  reduction  ratio  of  24:1.  The  pages  were 
arranged  in  a  grid-  jone  pattern,  with  14  frames  hori ’.ontally  and  7  frames 
vertically.  Any  frame  could  be  quickly  located  manually.  The  pages, 
or  frames,  were  laid  out  functionally  on  each  microficlie.  The  frames  on 
the  top  hori  :ontal  row  were  usually  labeled  ns  follows: 

.0^®  ^  ^ 
•Si  ^  ^  ^ 

c''”' 


12  13  14 


SHEfT  iin 


u  s  t/iftf  nai  R  r  V  . H 


NUMBER  D2-125717-3 

TMi;  COMPANY  REV  LTR 


For  instance,  a  maintenance  technician  could  find  the  detailed  checkout 
procedure  in  column  3.  The  technician's  eye  would  simply  run  down  the 
appropriate  column  as  he  looked  for  information,  set  up  tests,  or  performed 
checkout  procedures.  Closely  associated  information  -  such  as  trouble¬ 
shooting  instructions  for  a  certain  procedure,  or  circuit  schematics  and 
their  theory  -  could  be  laid  out  horizontally,  side-by-side,  in  a  closely 
linked  manner.  If  the  maintenance  technician  was  routinely  performing 
the  checkout  procedures  tabulated  in  the  appropriate  column  and  had  a 
bad  response,  he  looked  at  the  reader  screen  and  imm.ediately  adjacent 
to  the  checkout  procedures  he  could  view  the  appropriate  troubleshooting 
procedures.  The  troubleshooting  procedure  may  have  been  involved, 
requiring  the  technician  to  read  the  theory  and  consult  circuit  schematics 
for  an  understanding  of  the  trouble  indicated.  If  so,  he  simply  moved 
the  microfiche  two  frames  to  the  right.  Appearing  on  the  reader  screen,, 
side-by-side,  would  be  the  appropriate  circuit  schematics  and  their 
theory. 

The  Army  also  developed  other  microfiche  format  arrangements  including 
the  foil  owing- 

Fori-jontal  -  In  this  format  the  technician  proceeds  do'vnward 
from  the  top, following  step-by-step  procedures.  Vhen  he  runs 
into  trouble  with  his  equipment,  he  moves  laterally  for  theory 
and  schematic  diagrams  and  other  troubleshooting  and  repair 
information.  Instead  of  slipping  to  a  different  chapter  in  a  book, 
he  merely  moves  a  few  images  to  the  right,  or  left.  On  a  single 
microfiche,  this  format  can  provide  the  information  in  a  75  to  80 
page  book. 

Vertical  -  In  this  format,  the  technician  reads  left  to  right,  con¬ 
ventionally,  but  starts  in  the  middle  of  the  microfiche.  He  then 
moves  up  or  down  for  certain  types  of  supplemental  information. 

Again,  he  has  on  one  sheet,  in  integrated  format,  the  information 
contained  In  a  75  -  00  page  book.  In  mn.st  case.s,  the  complete 
checkout  and  repair  of  a  chassis,  including  repair  parts  information 
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can  be  contained  on  a  single  microfiche. 

The  Army  evaluated  a  large  number  of  commercial  readers  and  reader- 
printers  and  found  none  suitable  for  the  Army’s  field  environment. 

However,  some  of  the  commercial  equipment  was  suitable  for  use  at 
large  fixed  Army  maintenance  installations,  and  pilot  studies  of  micro¬ 
fiche  at  the  depot  level  were  conducted  at  the  Pueblo  Army  Depot' in 
Colorado  in  1966  that  is  described  in  paragraph  4.  5,  3,  7.  The  commercial 
equipment  evaluated  for  field  usage  was  rejected  for  a  number  of  reasons. 
Most  of  the  commercial  equipment  was  too  bulky  and  too  fragile  for 
portable  usage,  and  none  was  found  that  n'ould  operate  from  the  400  cps 
power  sources  used  in  equipment  maintenance  vans.  Some  of  the  other 
qualities  that  the  Army  required  in  a  reader-printer  for  field  use  were: 

•  Tvo-page  display  viewer  small  enough  to  be  rack  mounted  in  a  van, 

•  Alternative  operation  of  viewers  from  DC  power  sources. 

•  Hardcopy  printout  to  original  size  without  wet  chemicals. 

Since  suitable  commercial  equipment  was  not  available,  the  Army  developed 
a  number  of  new  readers  and  reader-printers  that  are  described  in 
paragraph  4.  5.  3.  5.  Concurrent  with  the  equipment  development  effort.?, 
the  Army  developed  many  successful  maintenance  information  microfiche 
layout  approaches,  some  of  which  are  de.scribed  in  Appendix  A.  They 
were  intrigued  by  the  layout  possibllitie.?  inherent  in  microfiche.  The  Army 
discovered  that  it  was  possible  to  rearrange  muintcmance  information 
so  that  the  technician  progrcsse.s  up  or  down  with  as  much  ease  as 
forward  and  backward.  The  Army  Missile  Command  argued  that  micro¬ 
fiche,  because  of  Its  flexible  format  possibilities,  had  a  greater  potential 
than  printed  technical  manuals  or  any  other  micro  medium  relative  to 
the  development  of  highly  interrelated  and  rapid-access  maintenance 
information  system.?.  They  stated  that  microfiche  is  really  a  new 
maintenance  information  display  or  art  form! 
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4.  5.  3.2  Microfiche  Booklet  Concept 

In  the  MICFOMS  SERGEANT  field  tests,  a  unique  microfiche  booklet 
concept  was  developed.  All  the  maintenance  and  repair  part  information 
pertaining  to  a  related  group  of  maintenance  jobs  was  bound  together  in 
one  booklet  or  packet  which  could  be  slipped  into  a  jacket  pocket.  Thus, 
the  technician  could  proceed  to  his  remote  working  area  confident  that 
he  had  all  the  data  he  needed. 

•P'igure  4.  5.  3,2  shows  the  microfiche  booklets  and  the  simple  ring  binder 
developed  by  the  Army,  It  was  not  necessary  for  the  technician  to  remove 
the  desired  fiche  from  the  ring  binder.  A  rack  on  the  Army-developed 
MICOM  viewers  supported  the  booklet  while  the  user  views  the  selected 
fiche.  Besides  convenience,  the  booklet  method  keeps  the  fiche  in  proper 
order  and  reduces  the  chance  for  loss  of  individual  fiche.  AlGQeach 
booklet  had  an  eye-readable  index  cover  that  listed  the  contents  of 
the  given  booklet.  Thus,  a  technician  with  a  12  fiche  booklet  could  be 
carrying  up  to  1176  technical  manual  pages  in  hi.s  jacket  pocket.  Other 
microfiche  programs  have  developed  similar  fiche-pockets.  Some  employ 
heavier  covers  to  protect  the  microfiche,  and  by  use  of  colors  and  cover 
markings, segregate  classified  and  special  task-oriented  fiche-booklets. 

4.  5.  3.  3  Microfiche  Filing  and  Indexing 

The  SERGE.ANT  missile  system  used  small  metal  tub  file.s.  One 
commercially  available  6  x  8  x  10-inch  file  used  had  a  ca))acity  for  160  fiche 
and  held  all  of  the  maintenance  information  contained  in  the  91  technical 
manuals  on  the  SERGEANT  missile  system.  A  standard  23-inch  tray  will 
bold  the  equivalent  of  64,  000  pages  of  information.  Four  of  the  23-inch 
trays  will  hold  all  of  the  published  technical  information  on  HERCULES, 
the  Army's  largest  fielded  missile  system. 
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Eye-legible  index  cards,  in  the  front  of  the  SERGEANT  missile  system 
file  tray,  listed  the  fiche  technical  manual  titles,  technical  manual  ' 
numbers,  and  the  equivalent  microfiche  numbers.  Each  4  x  6-inch  (same 
size  as  microfiche)  removable  eye-readable  index  card  was  arranged 
as  follows: 


Table  of  Contents 

W-.  S.  Title 

Tech  Manual  No.  Title 

Microfiche  No, 

(Approximately,  30  manuals  (or  microfiche)  were  listed  in 

1  double  columns  on  each  card). 

_ 

As  the  fiche  are  filed  in  numerical  sequence,  it  is  only  necessary  to 
determine  the  number  and  go  directly  to  the  desired  fiche.  When  the 
fiche  has  been  selected  by  the  technician,  it  is  placed  in  the  viewer 
on  Image  Al.  Image  A1  gives  the  contents  of  the  fiche  and  location  by 
grid  number. 

4.  5.  3. 4  Microfiche  Updating 

The  Army’s  time-consuming  and  burdensome  updating  problems  with  their 
technical  manuals  were  almost  eliminated  when  they  employed  microfiche 
In  the  SERGEANT  program.  Since  the  master  micx*oflchc  is  made  up  of 
short,  replftceable  16mm  strips  of  film,  only  the  strips  involved  in  a  change 
need. to  be  rephotographed.  Consequently,  it  is  practicable  to  furni.sh  a 
I  complete  new  fiche  whenever  a  change  is  required.  And  whenever  more 

than  one  configuration  of  equipment  is  involved,  it  is  practicable  to 
furnish  fiche  for  each  configuration.  There  is  no  bulk  and  very  little  cost 
involved.  Only  a  short  time  and  a  few  cents  worth  of  materials  arc  required 
to  produce  a  nc'.v  working  master,  and  copies  cun  be  produced  for  a.>i  little 
as  14  cents  each. 
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When  a  technician  receives  a  new  fiche,  he  simply  inserts  the  new  fiche 
in  his  file  and  destroys  the  old  fiche.  In  this  single  operation,  he  has 

done  the  equivalent  of  inserting  hundreds  of  printed  replacement  pages. 

% 

4.  5.  3.  5  MICROMS  MICROFICHE  EQUIPMENT 

DEVELOPMENT 

4.  5.  3.  5. 1  Introduction 

The  Army  Missile  Command  found  that  the  commercially  available  micro¬ 
fiche  readers  (viewers)  and  reader- printers  were  unacceptable  for  their 
field  use  (paragraph  4.  5.  3.2)  and  developed  their  own  microfiche 
equipment.  A  statement  is  in  order  at  this  point  relative  to  the  Army's 
use  of  the  words  'viewer"  and  "copier".  The  Army  uses  the  term 
"viewer"  interchangeably  with  the  NMA  term  "reader",  and  "copier" 
interchangeably  with  the  commonly  used  term  "printer".  The  Army 
initially  developed  a  standard  microfiche  reader  "handler"  (paragraph 
4.  5.  3.  5. 9)  that  is  interchangeable  between  the  various  two-page,  one- 
page  and  half-page  readers  described  in  the  following  paragraphs.  These 
Army  equipment  descriptions  were  derived  from  MICROM  reports 
(Reference  23).  . 

4.  3.  3,5. 2  Model  18V  Reader 

Figure  4.  5.3.  5.2  shows  the  MICROM  model  18V  reader  (viewer)  and 
model  18C  piggyback  attached  printer  (copier).  The  model  18V  shown, 
ready  for  transport  with  covers  installed,  weighs  48  pounds  and  measures 
18  1 /2-inches  wide,  21 -inches  high,  and  22-inehes  deep.  A  hreather  valve 
in  the  case  protects  the  viewer  in  ca.se  of  rapid  chatjgo^in  altitude.  The 
front  cover  of  the  case,  which  is  removed  for  viewing,  has  a  fiche  storage 
compartment  and  a  bracket  for  storing  the  power  cord.^'^lae  model  deslgnu- 
tloii  ISV^is  delayed  from  the  18‘inch  diagonal  measurement  across  liie 

viewing: sereem :  V:  '  .  .■  '-v-: 

The  Company  Ihv  Forl  jSill  lest  fx^olotjTe  lOV  readers  and 

othey  MiCROMS  readers  and  the  18C  pitnter  in  aeef»rdanee  with  .Army 
requirements  (design  perfortnance  aiul  leehnlcal  el»aracteri«lirs). 
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The  reader  or  vic'ver  displays  t'vo  standard  B  1/2  11 -inch  (kingsizc) 

pages  side  by  side  on  a  10  x  15-inch  screen,  using  fiche  filmed  at  a 
reduction  ratio  of  24:1.  The  viewer  is  equipped  with  three  lenses  of 
different  magnifying  power;  20i7X,  24X,  and  36X.  Two  are  mounted  in 
a  slide  and  the  third  is  stored.  Assume  that  the  20."  7X  and  36X  lenses  are 
mounted  in  the  slide  and  that  the  user,  viewing  an  exploded-view 
illustration,  desires  to  see  a  particular  area  of  the  illustration  in  more 
detail  than  provided  by  the  20*.  7X  lens.  He  simply  moves  the  lens  slide 
horizontally,  automatically  inserting  the  36X  lens.  The  desired  area  of 
the  illustration  is  now  seen  at  1  1/2  times  the  original  size. 

Although  the  viewer  is  designed  primarily  for  viewing  microfiche,  roll 
film  can  be  viewed  by  the  use  of  a  simple  manual  adapter  which  could  be 
motorized  if  necessary. 

The  viewer  may  be  used  either  with  or  without  the  reader-copier.  By 
having  the  viewer  and  copier  as  separate  units,  the  versatility  and  prac¬ 
ticability  of  the  viewer  is  increased  as  it  may  be  employed  without  the 
added  expense  and  space  requirements  of  the  copier  in  situations  not  ^  : 
requiring  a  copying  capability.  When  the  copier  is  .u.sed,  both  the 
and  bottom  covers  must  be  removed. 


4.  5.  3.  5.  3 


Itlodel  18C  Printer  (Copier) 


The  18C  printer  (copier)  shoiyn  in  Figure  4,  5,.3.  5.  2  is  ready  for,  transport 
and  ready  for  mating  with  the  18V  reader  (viewer).  In  the  transport  mode, 

.  the  copier  weighs  75  pounds  and  measures  IB  1/2  inches  wide,  12  1/2  X 
inches  high,  and  22  1/2-inchos  deep.  Power  requirement.s  are  llov  ac 
and  50,  60  or  400  cps.  The  size  of  the  copied  image  is  8  13/16  by  15  inches. 
Image  blowback  ratios  are  20*.  7X.  34Xand36X.  Copy  cycle  time  is  15  to- 
30  seconds.  The  copy  paper  is  3-M  diyv-silver  paper,  furnished  in  15-incli 
wide,  4 00 -foot  rolls.  One  3-l\i  roll  yicld.s  approximately  480  copies. 
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The  viewer  is  secured  rigidly  to  the  copier  by  two  clamps  at  each  side  and 
at  the  back  in  a  light-proof  junction.  Separate  »vv itches  permit  the  operation 
of  the  viewer  only,  or  the  viewer  and  copier.  During  the  copying  cycle, 
a  mirror, positioned  at  the  rear  of  the  light  chamber  to  reflect  the  image  to 
the  viewing  screen,  moves  forward  out  of  the  light  path.  This  allows  the 
image  to  be  projected  downward  to  the  light-sensitive  paper  in  the  copier 
unit.  After  exposure,  the  paper  is  automatically  passed  over  a  heater 
drum,  .cut,  and  delivered  out  the  exit  chute  in  the  front  of  the  copier. 

4.  5. ‘3.  5.  4  Model  14V  Reader 

The  model  14V  reader  (viewer)  shown  in  Figure  4.  5.  3.  5.  4  is  equipped 
with  a  24X  projection  lens  and  displays  one  full  page  on  an  8  1/2  x  11-inch 
screen.  It  operates  on  ac  or  dc  power  sources.  Overall  dimensions,  with 
hood  retracted,  are  9-inches  wide  by  17-in‘ches  high  by  1  Hnches  deep. 

With  hood  advanced,  the  depth  is  increased  7  1/2 -inches.  The  purpose 
of  the  hood  is  to  improve  readability  of  the  screen  under  conditions  of 
bright  light. 

4.  5.  3.  5.  5  Model  9V  Reader 

Figure  4,  5.  3.  5,  4  also  shows  the  iMICKOM  half-page  model  9V  reader 
(viewer)  ready  for  use  and  also  closed  --  ready  for  transport.  This  small 
reader  or  viewer  is  designed  to  be  readily  portable  and  to  take  up  a  modest 
amount  of  space  when  in  use,  It  is  equipped  with  a  24N  projection  lens 
and  displays  approximately  one  halfof  a  letter-size  page  on  a  4  by  7  1/2 
inch  screen.  The  removable  metal  case  protects  ttie  viewer  during 
storage  and  transit  and  under  severe  weather  conditions.  The  viewer, 
without  case, weigh.s  17  pound.s  and  measure.s  13 -inches  wide  by  9- indies 
high  by  9  3/4-inches  deep.  The  model  OV'  rcaider  was  modified  to  produce 
the  one-page  model  14V  reader  whicli  has  proved  more  suitable  vhen  tlie 
, highth  dimension  is  not  critical. 


SHEri  i:>{{ 


u  ii  (I  fl  .*  u  j  1  n  r  V ,  f ,  f 


USE  FOR  TrPEWRlI  ..cN  MATERIAL  ONLY 


r 


IS?  -  »;  1 3  1 


4.5.  3.5.6  MtCROM  Microfiche  Projector 

The  Army  recognized  that  microfiched  technical  manual  information 
should  be  proofed  and  used  in  the  training  and  early  test  programs.  Thus, 
they  developed  the  classroom  projector  shov.  n  in  Figure  4.  5.  3.  5.  9. 

The  Army  felt  that  the  microfiched  technical  manual  information  should 
be  readily  available  for  projection  on  a  screen  in  the  classroom.  They  felt 
that  this  would  be  particularly  useful  for  certain  types  of  e.\ercises  with 
schematic  diagrams  such  as  signal  tracing  and  theory  development.  The 
projector  sho'vii  is  a  protot;ype  model  developed  to  demonstrate  the 
feasibility  of  the  concept  as  applied  to  98-frame  NMA  microfiche.  The 
projector  measures  5  by  8  by  10-inches  and  throws  a  3  by  5-foot  image 
of  good  legibility  at  15  feet.  The  Army  feels  that  this  is  a  microfiche 
equipment  item  that  has  a  considerable  potential  in  future  ti'aining/ 
technical  manual  applications. 

4.  5.  3.  5.  7  Microfiche  Hand  Viewers 

The  Army  realized  that  small  hand  microfiche  viewers  would  be  useful 
in  emergencies.  There  are  several  pocket-size  viewers  on  the  market 
but  they  have  a  smaller  field  of  view  and  lower  magnification  than  is 
desirable  for  the  24:1  reduction  ratio  that  is  characteristic  of  XM.A 
microfiche.  Thus,  the  Army  built  a  number  of  pocket-size  viewers  with 
a  24:1  reduction  ratio.  These  models  are  still  under  devclopmenl. 

4,  3.  3.  5.  8  MICROM  Table-Top  Reader  Developments 

The  Army  feehs  that  one  of  the  most  pronii.sing  ficUls  for  development  is 
offered  by  the  table-top  concept.  It  i.s  cspceially  suitable  where  space 
is  at  a  premium, ns  in  military  and  commercial  equipment  servicing  vaius. 

The  Army  initiated  researcli  in  Ihis  area  of  built-in  desk  and  'vall 
viewers^  as  shown  in  Figure  4.3.  3.5.8.  The  projector  the  .Army  selected 
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for  use  in  several  van  installation-  is  essentially  the  ha'-*-  asse;vj,’v  of 
the  other  Army  rea<kTs  previously  c!iscri!>ed,  atlapted  to  snoujit  uiult  r  a 
bench  or  table  top.  The  ima^e  projects  through  a  hole  in  the  bench  top, 
or  to  the  rear  or  side,  to  an  external  mirror.  From  the  mirror,,  it  project 
to  an  external  viewing  screen  or  surface  that  is  convenient  to  the  operator. 
The  arrangement  is  variable  to  suit  tlie  van  configuration.  The  size  of 
the  projected  image  can  be  varied  for  the  individual  installation. 

4.  5.  3.  5.  9  MICROM  Standard  Microfiche  Handler 

The  top  illustration  on  Figure  4.  5.  3.  5.  9  shows  the  unusual  microfiche 
handler  that  the  Army  developed  and  is  used  in  all  of  the  Army  MICROM 
readers  described,  including  the  table  top  viewer.  Although  the  film 
handler  is  a  precision  instrument,  it  is  rugged  and  can  be  mass-produced. 
The  carriage  slides  on  teflon  rods  and  has  both  coarse  and  fine  adjustment.^ 
for  rapid  location  of  desired  image  and  pinpoint  tuning.  The  lens  focus  is 
also  adjustable. 

The  film  handler  is  used  as  follows  after  attachment  to  the  reader. 

After  the  microfiche  is  placed  on  the  lower  glass,  the  upper  gla.ss  is 
lowered  and  held  against  the  fiche  by  spring  clips  at  each  side.  To  obtain  ‘ 
a  desired  screen  dLsplay,  the  upper  portion  of  tlie  handler  (X  carriage)  is 
moved  to  tlie  loft  or  right  and  the  lower  portion  of  the  liandler  (Y  carriage) 
is  moved  toward  or  away  from  the  operator.  When  the  rclea.se  lever  on 
the  front  of  the  handler  is  in  the  lower  position,  the  carriagt-s  can  be  moved 
freely  and  rapidly.  When  tlie  lever  is  in  the  upptn*  position,  as  shown  In 
Figure?  4.  n.  3.  5.  4,  a  frame  Image  may  be  precisely  pi>sitionc‘d  by  use  of 
two  verniei'  controhs  on  the  front  of  the?  handler.  A  mierofiehe  booklet 
support  can  be  attached  to  the  front  of  tlie  handler  to  suj»port  a  booklet  of 
ficlu?  (se>  panigrapli  4.  5.  .3.2). 
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The  .Army  developed  number  of  onvi runuientn’  for  the  field- 

oriented  microfiche  ccjuipment  they  developed  in  order  to  evaluate  the 
ruggcdness  of  the  equipment.'  These  test.s  ■.  ere  conducted  V)y  tf:e  P,ro,vn 
Engineering  Company  of  Huntsville.  Kacii  of  the  tests  was  de.signed  to 
subject  the  equipment  to  a  particular  .set  of  extreme  environmental 
conditions.  There  were  eight  tests:  temperature  cycling,  altitude, 
rainfall,  thermal  shock,  humidity,  vibration,  sand  and  dust,  and  mech¬ 
anical  shock.  After  each  test,  an  operational  check  of  the  equipment 
was  made. 

These  microfiche  equipment  tests  conducted  by  the  Army  are  loading 
the  way  to  improved  rugged  and  proven  equipment  that  will  be  useable 
by  all  the  military  services  and  the  Industrial  world  under  severe 
environmental  conditions.  The  detailed  IMICHOklS  test  specification 
and  results  should  be  consulted  by  all  interested  in  devclo!hng  improved 
field  type  microfilm  systems. 

The  microfiche  equipment  failures  that  were  noted  are  considered  minor, 
and  readily  correctable  in  production  model.s  that  will  follow  the  develop¬ 
mental  equipment  tliat  was  tested.  For  example,  corro.sion  in  attaching 
hai'dwarc  will  be  corrected  by  lusing  hardware  with  anti -corro.sive  plating. 
Leakage  of  water  can  be  coi-rectcd  by  properly  bondir.g  the  water  seal. 

The  one  failure  not  immediately  correctable  -  the  partial  de\elnpnK‘nt  of 
the  pai)cr  ••  is  not  of  consequence  Ijocause  exposure  of  the  equipment  to 
a  tem))erature  of  LaO^F  i.s  not  a  probability  under  fore.-rt'i‘able  field 
environment.*^.  In  the  two  nua.st  significant  tests,  vibration  and  mechanical 
shock,  performance  exceeded  that  to  be  expecti'd  of  itrm.s  of  te.st 
equipment  in  the  vans. 


4.  5.3.7 


MIC  HOMS  Microfirho  Dt-pot 


A  pilot  study  of  microfiche  at  the  depot  level  was  c.staMi.shf  d  at  Pueblo 
Army  Depot,  PueVAo,  Colorado  in  January  1966.  The  SFHGKAXT 
missile  system  was  .selected  for  the  test.  As  instructions  for  overhaul  of 
items  were  developed,  they  were  put  on  microfiche  instead  of  being 
printed  as  technical  manuals.  A  special  format  was  devised  for  the 
information  going  into  the  microfiche.  The  format  aimed  at  making 
the  microfiche  as  easy  to  use  as  possible  and  at  standardizing  the 
ari*angement  of  information.  The  A-G  1st  vertical  column  of  the 
microfiche  contained  the  following  categories  of  information; 

A  -  Introduction  -  Tools 
B  -  Test  ■ 

C  -  Test  -  Troubleshooting 
D  -  Troubleshooting 
E  -  Theory  Repair  Parts 

F  -  Maintenance  -  Final  Procedures  -  Contractor  Maintenance 
G  -  Contractor  Maintenance 

There  was  another  difference  between  the  fichc  and  the  conventional 
overhaul  handbooks.  This  was  the  incorporation  into  tlie  fid  e  of  all 
supporting  information  from  other  sources  such  as  technical  mainial.s, 
drawings,  etc.  Refej'cncc  to  other  documents  was  eliminated  by  tins 
moans  and  the  technicians  were  relieved  of  the  chore  of  gathering  up 
several  different  documents  in  order  to  do  a  jol). 

In  printed  technical  manuals,  it  is  customary  to  make  referenee  to  othei- 
documents.  The  expeiujo  and  bulk  that  would  be  involved  in  providing 
everything  needed  in  one  i)ackage  of  printed  matte)-  would  he  pi-ohihitive. 
Neither  expense  nor  bulk  were  pi-ohibitivc  in  the  microfiche.  In  fact, 
the  expense  was  le.ss  for  the  fichc  progrnni  than  it  would  have  been  foi 
a  oonventional  printing  pi-ogi’.-nn.  ^ 
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When  inforniali'*n  ;n  r*  f;rhe  required  rliangt',  n  re[ilacrm''nl  fichc  was 
issued  to  the  depot.  Thi.s  eliir.inated  the  insei  ting  of  individual  replace¬ 
ment  page.s,  as  is  done  in  printed  handbooks.  The  equivalent  of  281 
depot  ha ndboo!;.s, totaling  16,  516  page.^^  '.verc  put  on  microfiche  for  this 
test.  Twenty  sets  of  fiche  were  furni.shcd  the  depot  for  each  procedure. 
Specially  designed  vie  wing  and  copying  equipment  was  not  employed. 
Off-the-shelf  commercial  microfiche  viewers  and  copiers  were  used. 

The  tests  were  successful  and  recommended  that  the  handbooks  for  all 
the  missile  systems  be  put  on  fiche.  The  improved  format  of  the 
SERGEANT  fiche  was  considered  satisfactory  and  the  fichc  were  found  to 
reduce  information  retrieval  time.  The  Army  developmental  viewing 
and  copying  equipment  described  previously  was  also  recommended 
but  commercial  equipment  proved  satisfactory  and  could  be  used  in 
future  programs  in  Depots. 

These  Army  overhaul  test.s  are  described  in  greater  detail  in  a  Boeing 
Logistics  Technology  Staff  companion  document  to  tins  volume  covering 
the  Hoeing  MORETS  Program.  Information  on  how  the  MICPOM  Depot 
information  was  indexed  and  related  t  j  specific  overhaul  tasks  was  not 
available  in  the  Army  reports  available.  However,  this  data  indexing/ 
job  assignment  relationship  infeirmation  Is  being  obtained  aj»d  will  be 
discussed  in  the  document  covering  the  new  Boeing  MOKETS  microfiche 
progrcim . 

4.  5.  3.  7.  1  Hoeing  MOIcETS  Program 

MORETS  is  an  acronym  for  Microformatted  Overhaul  Road-map  EuMineerlug 
informatlon/Teclinieul  manual  Sy.stem  that  is  under  developmeni  by  the 
Boeing  Aero.Hpaeo  Grouj).  This  progranv  is  mentioned  at  this  point  since 
it  is  similar  to  the  Army’s  MICROM  SERGEANT  IVpot  Program.  MORE'I’S 
employs  "road-map”  control  manual  data  management  concepts  developed 
for  the  Minuteman  \VS-  I3:i  .System  in  a  microfiehe  storage/ retrieval  syKtem 
that  provides  overhaul  teehnleiaiiH  with  a  total,  easily  aecesslMe  maintenanet 
information  liltrary. 
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In  the  MORETS  program.all  existing  and  supplemental  data  will  be 
referenced  ii\  unique  Road-\Iap  control  ’’fiche- manuals*'  that  will 
direct  the  technician  to  the  appropriate  maintenance  information  for 
each  overhaul  function,  together  with  a  listing  of  the  required  tools  and 
test  equipment.  A  master  index  will  be  included  that  lists  overhaul 
reparablcs  by  part  number  and  is  cross-referenced  to  the  applicable 
vendor  code  number.  The  Road-Map  ''fichc-manuals''  will  contain  data 
status  lists  for  each  overhaul  repair  area  that  will  include: 

•  Current  revision  status  of  all  reference  data  for  file  control 

•  Alpha-numeric  listings  by  drawing,  technical  manual  and 
engineering  document  number  of  all  reference  data 

The  unique  easy-to-use  job-oriented  Road-Map  "fiche-manuals"  are 
the  heart  of  the  nev.'  microformatted  concept,  since  they  integrate  and 
reference  the  maintenance  data  required  for  each  overhaul  job.  These 
requirements  include  various  contractors'  engineering  and  manufacturing 
information,  vendor  drawings,  specifications,  brochures,  existing  tech¬ 
nical  manuals  and  supplementary  documents. 

The  engineering  drawings  and  other  large-size  diagrams  and  schematics 
will  bo  on  35mm, whereas  the  standard  8  1/2  x  11-inch  technical  manual 
and  vendor  information,  etc.  will  be  on  16mm.  A  microfilm  jacket 
system, using  Boeing's  VliCARD  microfilm  standards  (paragraph  4.6.3.  1), 
is  being  employed,  since  it  is  the  cheapest  and  quickest  way  to  microform 
odd  size  drawings  and  teciinical  manual  pages  that  are  constantly  changing. 

The  MORE’l'S  concejit  also  involves  a  study  of  the  current  cngineoi'ing 
drawing/' data  system  (for’uat  etc)  relative  to  imjn-oving  it.s  microfilm 
and  other  capahiliti('.s  for  maintenance  uses.  Penally,  the  AIOKll'r 
concept  involve.s  a  new,  single-threaded  and  integi  atc'd  maintenance 
inforiTiation  dovelo|)ment  and  application  {test/production/training/ 
cu.stomer)  approach  that  wed.s  the  new  microfilm  osj)ects  into  a  weajjon 
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system  total  development  framework.  This  latter  approach  is 
necessary  in  order  to  have  adequate,  timely  and  verified  ’’fiche- manual'' 
maintenance  informaiion  available  at  all  points  of  use! 


4.  5.3.8 


4.  5.3.8.  1 


MICROMS  Microfiche  Field  Tesvs 


Introduction 


After  experimenting  with  microfiche  formats  and  viewing  equipment, 
the  Army  wanted  to  .see  how  they  worked  in  the  field.  The  Army  knew 
that  the  MICROMS  concept  would  work  at  the  depot  level,  but  didn't  kno'.v 
to  what  extent  microfiche  could  be  used  by  a  regular  Army  unit.  Thus, 
the  SERGEANT  missile  system  v.as  picked  for  a  field  test.  It  was  felt  that 
the  SERGEANT,  being  neither  one  of  the  simplest  nor  the  most  complex 
Army  missile  system,  would  be  a  representative  tost  vehicle.  The  tests 
were  conducted  at  Fort  Sill,  Oklahoma  and  were  divided  into  two  distinct 
phases.  Phase  I  began  in  July  of  1963  and  lasted  until  the  following 
October;  Phase  11  took  place  in  Februra’y  of  1969. 


4.  5.  3.  8.  2 


Test  Ground  Rules 


For  the  test,  personnel  were  instructed  to  perform  their  normal  work 
activities.  The  firing  platoon  was  given  practice  firing  missions  to  carry 
out  while  troubleshooting  procedures  for  actual  and  simulated  problems 
were  performed.  .-\t  the  same  time,  the  regular  preventive  maintenance 
schedule  wa.s  carried  out.  The  Dii-ect  Support  (DS)  platoC'U  performed 
their  normal  function.^  in  tlic  .shop,  the  Field  lilaintenance'  Test  Station 
van,  and  in  the  technical  supply  area.  Throughout  the  test,  both  simulated 
and  actual  prul)lem.s  were  assigned  to  tlie  jiroper  level  of  repair  as  stated 
in  the  Maintenance  Allocation  Ciiart  (M.-VC).  In  order  to  provide  an  active 
comparison  between  ?,IICROMS  and  conventional  technical  mnmial.s,  each  . 
of  the  problems  was  solved  twice  once  luung  microfiche  and  once 
u.sing  manuals.  The  active  maintenance  time  for  a  particular  problem, 
simulated  or  actual,  was  defined  a.s  the  total  of  preparation  time,  fault 
i.solation  tinu',  and  checkout  time.  For  each  operation,  time'  was  kept  to 
the  neare.st  tenth  of  a  man  lunir. 
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4.  3.  3.8.3 


Test  Objective  and  Test  Results 


The  test  objective  was;  ’’to  determine  the  military  potential  of  the 
MICROMS  concept  through  a  comparison  of  present  technical  manuals 
and  MICROMS,  with  special  emphasis  on  adaptability, -operability, 
durability,  maintainability,  hardcopy  px'intout  requirements;  and  human 
factors  engineering*’  (Reference  23  ).  The  following  is  a  summary 
of  the  test  results; 

Adaptability  -  The  board  found  that  the  two -page  view  er  and  copier 
can  be  used  in  the  firing  platoon  lieadquarters,  direct  support  shop, 

.  technical  supply  office,  and  field  maintenance,  without  modifications  to 
existing  system  equipment.  The  use  of  either  the  one-page  or  the  half- 
page  viewer  in  technical  supply  is  a  decided  advantage  over  technical 
manuals  because  of  volunie  reduction  and  ready- reference  availability. 

Operability  -  Daring  the  portion  of  the  MTCROMS  test  in  which  technical 
manuals  v.-ero  used,  a  number  of  actual  malfunctions  occurred.  Fifteen 
were  selected  as  representative.  It  took  an  average  of  1.  8  man-hours 
active  maintenance  time  to  correct  each  of  these  failures.  It  took  an 
average  of  1.2  man-hours  to  correct  each  of  a  comparable  lo  of-theso 
failures  using  microfiche  (in  lieu  of  printed  technical  manuals). 

Durability  -  No  significant  degradation  of  the  microfiche  material 
occurred  during  the  test. 

Maintainability  -  Virtually  no  preventive  maintenance,  other  than  the 
occasional  cleaning  of  screens  and  lenses,  was  required.  -  It  was  recommend¬ 
ed  however,  that  the  complexity  of  the  electrical  circuits  contained  in  the 
two-page  copier  is  such  that  formal  training  should  be  pro\-ided  technicians 
responsible  for  mainlouancc  on  those  iteihs. 
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Hardcopy  Printout  Requirements  -  The  quality  of  those  printouts  made 
from  the  microfiche  used  in  Phase  11  tests  was  comparable  in  legibility 
to  a  technical  manual.  1308  operations  were  performed  and  71  (5.  4%) 
required  printouts. 

Human  Factors  Engineering  -  The  hand  viewer  was  ruled  out  because  of 
its  awkwardness  and  because  of  its  extremely  limited  field  of  vision. 
After  using  it,  even  for  short  periods  of  time,  operators  reported  exper¬ 
iencing  severe  eye  fatigue.  Also,  the  hand  viewer  could  not  be  used 
successfully  by, personnel  wearing  eyeglasses. 


4.  5.  3.  8.  4 


Concluding  Remarks 


Reports  indicated  that  the  attitude  bf  the  men  changed  radically  during 
the  test.  From  a  considerable  measure  of  hostility  at  the  outset, 
occasioned  by  problems,  the  attitude  changed  toa  considerable  measure 
of  acceptance  and  enthusiasm  and  a  desire  on  the  part  of  the  men  to 
keep  the  microfiche  equipment. 

Considering  the  factors  operating  against  positive  test  results  -  the 
problems  encountered  initially with  the  equipment  and  the  microfiche, 
the  fact  that  the  fiche  were  not  specially  formatted  to  realize  llieir  full 
potential,  and  the  fact  that  the  SEKGKAKT  vans  were  not  designed  to 
accommodate  fiche  equipment  -  with  those  considerations  in  mind,  the 
success  of  the  microfiche  test  was  viewed  as  strongly  positive  by  the 
Army  (Reference  23  ).  Sec  Figure  4,  5.  3.  8.  4  for  a  summary  of 
the  test  conclusions  and  recommendations. 


4.  5.  4  , 
4.  5.  4.  1 


"Card''  Microfiche  Sy.stem 
General  Description 


HF  Image  Systems  of  Culver  City,  California,  a  subsidiary  of  the  Houston 
Fearless  Corporation,  has  spearhoacbd Uc  develoiunent  of  automatic  micro¬ 
fiche  retrieval  systems.  Tlic  CARD  (Comixiet  Automatic  Retrieval  Di.sj)lay) 
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TECOM^TEST  CONCLUSIONS 


1.  MICROMS  CONCEPT  HAS  MILITARY  POTENTIAL  AT  ALL  MAINTEN¬ 
ANCE  LEVELS. 

2.  HAND-HELD  VIEWER  DESIGN  UNACCEPTABLE. 

3.  VIEWER/COPIER  BEST  UTILIZED  IN  SHOP  WHERE  SPACE  LIMITA¬ 
TIONS  ARE  LESS  RESTRICTIVE  THAN  IN  THE  VANS. 

4.  MODIFICATIONS  IMPROVED  VIEWER/COPIER  PRESENTATION  AND 
REDUCED  MAINTENANCE. 

5.  FICHE  IN  EXISTING  TM  FORMAT  NOT  IDEAL.  ARRANGING  ALL 
INFORMATION  CONCERNING  AN  ITEM  ON  ONE  FICHE  WOULD 
REDUCE  INFORMATION  RETRIEVAL  TIME. 

6.  FICHE  REDUCE  VOLUME  OF  TECHNICAL  LiBRARY. 

7.  ELECTRICAL  CIRCUITS  IN  VIEV/ER/COPIER  WILL  REQUIRE  FOR¬ 
MAL  TRAINING  ON  MAINTENANCE 


RECOMMENDATIONS  FROM  TECOMnEST 


1. THAT  MICROMS  CONCEPT  BE  USED  WITH  FUTURE  MISSILE 
SYSTEMS. 

2.  THAT  DESIGN  OF  HAMD-HELO  VIEWER  BE  IMPROVED,  OR  A 
SMALL  VIEWER  BE  DEVELOPED  TO  REPLACE  IT. 

3.  THAT  FICHE  BE  PREPARED  IN  UNITIZED  FORM,AT  WHEREBY 
ALL  INFORMATION  CONCERNING  ONE  ITEM  OF  EQUIPMENT 
IS  LOCATED  ON  ONE  FICHE. 

4.  THAT  IMPROVED  HAND-HELD  VIEWER,  OR  SMALL  VIEWER  TO 
REPLACE  IT,  BE  FURNISHED  ARTILLERY  BOARD  FOR  FURTHER 
TESTING. 


♦  U«S*  Army  Test  and  Evalu.*ition  Command 
(inus.tJcatiftrLSp vvr c t:  rcnco.^^at  end  of  Dociimontl 

FIGURE  4. 5. 3. 8. 4.  ARMY  MICROFICHE  AND  EQUIPMENT  FIELD  TEST 
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reader  is  the  basic  building  block  in  their  systems.  The  standard 
CARD  reader  can  function  as  a  low -cost  computer  terminal  or  as  a  stand  - 
alone  storage  and  display  unit.  Each  reader-display  unit  has  a  self- 
contained  decentralized  memory  (image  bank)  that  can  store  over  73,000 
pages  of  information.  Other  equipment  aspects  of  a  complete  CARD 
system  are  shown  in  Figure  4.  5.4.  1. 

The  storage  medium  is  NMA  or  COASTI  microfiche,  with  each  microfiche 
containing  up  to  .98  8  1/2  x  11 -inch  pages.  Up  to  750  microfiche  may  be 
stored  in  an  internal  random- access  carousel  in  the  reader.  The  two 
unique  features  of  this  proven  and  reliable  mechanical  retrieval  system 
are  the  rotary  carousel  and  the  binary  coded  metalic  strip  attached  to  the 
top  edge  of  each  of  the  750  microfiche  stored  in  the  carousel.  Selection 
from  the  control  panel  locates  the  coded  microfiche  in  the  carousel  file 
and  withdraws  it  unto  the  projection  gate.  The  selected  frame  is  optically 
imaged  onto  the  9  x  12 -inch  rear-projection  screen  of  the  reader. 

Total  access  time  is  4  seconds  or  less.  Access  to  any  frame  on  a  given 
microfiche  is  less  than  one  second.  In  Section  3  of  this  document,  it 
was  emphasized  that  automatic  roll  film  reti’icval /systems  required  a 
sensing-adjusting  system  code  adjacent  to  each  frame.  This  cumbersome 
disadvantage  has  been  overcome  in  the  CARD  microficlm  retrieval  system. 
The  reasons  are  that  for  a  given  microfiche,  maximum  access  time  is 
the  farthest  x-y  position  (only  5  1/2-inches  on  a  N'M.A  or  COSATI 
commercial  microfiche),  and  because  indexing  is  a  meclianical  function, 
similar  to  spacing  on  a  typewriter.  Tins  simple  meeitanical  function, 
plus  the  rapid- acce.s.s  carousel  method  of  retrieving  randomly  filed 
microfiche, have  resulted  in  a  fast,  reliable  and  automatic  microfiche 
reti’ieval  system. 

CARD,  with  its  internal  binary  language,  was  the  fir.st  sy.'ftem  to  put 
microfiche  on  line  to  a  computer.  CARD  may  be  Interfaced  witl>  any 
comjnUer  or  computer  peripheral  oc|uipmettl  (telc'type,  dataset,  CRT 
and  etc. )  and  it  may  function  as  an  input,  output  or  input/output  termln.nl. 
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FIGURE  4.  5.  4. 1  CARD  MICROFICHE  SYSTEM 
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4.  5.  2. 2  CARD  as  a  Computer  Input  Terminal 

The  CARD  system  can  be  used  to  retrieve  maintenance  information  and 
order  spare  parts  as  follows.  First,  all  static  data  (IPB  parts  catalog 
and  maintenance  information)  would  be  stored  and  retrieved  off  line. 

Once  the  maintenance  technician  knew  the  part  at  fault,he  would  use  the 
keyboard  for  access  to  the  stored  maintenance  information.  In  four 
seconds,  he  would  see  an  exploded  view  of  the  part  and  other  pertinent 
maintenance  (removal,  etc)  information.  The  image  also  contains  a 
coded  number  (e.  g.  5-A),  a  simple  record  address,  by  which  the  parts 
storage  area  computer  knows  the  part.  Thus,  if  he  wants  to  order  the 
part,  he  would  go  on-line  to  the  computer.  Using  the  keyboard,  he  would; 
identify  the  part  number  for  the  computer  by.  pushing  buttons  5  and  A.  He 
then  would  push  the  ORDER  button,  and  the  part  order  would  be  processed 
automatically.  The  buttons  would  remain  depressed  so  that  he  could 
verify  his  order.  He  also  can  obtain  a  hard  copy  acknowledgement  of  the 
transaction  from  the  computer  and  obtain  a  printed  copy  of  the  data 
displayed  on  the  screen. 


4.  5.2.  3  CARD  as  a  Computer  Output  Terminal 

When  CARD  is  used  as  an  output  terminal,  the  static,  technical  manual 
information  (stored  on  microfiche)  is  computer- controlled.  For  in.*^  tance, 
a  CARD  unit  can  store, in  one  rotary  carou.scl  file  unit, all  of  the  tcclmical 
manual  pajic.s  (over  73,000)  required  for  a  given  aircraft  or  missile 
system  for  flight  line  maintenance.-  Additional  carousel  file.s  could 
contain  Intermediate  Maintenance  Love?)  data  or  any  other  maintenance 
information  required.  Thi.s  iiiformation  could  be  "symptom"  programmed, 
as  done  in  the  Navy  RAPIDS  or  WS.\1.‘\C  8y.stem.s  de.^eribed  in  Section  3 
of  thi.s  document.  .  Thus,  when  a  failure  occurred,  a  list  of  .^ymplom.^  could 
be  fed  into  the  computer.  The  computer  would  compare  the  .symplom.s  witli 
information  in  its  memory  and  then  activates  the  CvVKD  mainten.anee 
information  bank  to  display  additional  diagnostic  information  and/or 
maintenance  "fix"  procedurer;  for  the  specific  problem  Involved. 
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4.  5.2.4 


CARD  as  an  Off-Line  Technical  Manual 
Storage/Retrieval  System 


The  greatest  immediate  use  of  the  CARD  system  in  maintenance 
information  display  applications  is  expected  to  be  in  decentralized 
operations,  according  to  a  recent  Aviation  Week  and  Space  Technology 
article  (Reference  24  ).  Maintenance  technicians, at  a  maintenance 
center,  can  easily  access  the  desired  page(s)  and  then  make  hard 
copies  for  use  at  the  job  site.  Airlines  are  presently  experimenting 
with  this  application,  since  any  one  of  ov^er  73,000  8  1/2  x  11-inch 
technical  manual  pages  may  be  retrieved  in  4  seconds  or  less.  An 
additional  carousel  file, with  73,000  more  pages, can  be  inserted  in  the 
viewer  in  less  than  2  minutes.  Thus,  all  of  the  black  and  white  or 
colored  technical  manual  pages  required  for  the  maintenance  support  of 
the  most  complex  weapon  system  or  equipment  can  be  easily  stored  in 
several  carousel  files 


4.  5,2.  5 


Other  CARD  Features 


The  basic  CARD  viewer  is  a  table  top  unit,  weiglits  85  pounds  (without 
printer)  and  uses  a  quartz-iodine  lamp  a.s  a  liglit  source.  The  operator 
can  read  the  displayed  infoinnation  clearly  from  2  5  degrees  on  eitlicr 
side  of  the  .screenhs  center.  The  sy.stem's  re.solution  pormit.s  an  operator 
with  20/20  vision  to  read  10  point  type  at  up  to  three  timc.s  the  normal 
reading  di.stancc. 

CARD  reader-printer  models  weigh  120  pound.?  and  employ  a  dry  .silver 
proce.ss  that  reiiuire.s  no  chemical  hath.s  or  .saturated  spongei.s.  They 
produce  original  size  reproductions  up  to  11  x  17-Uiehe.s  witl.in  14  seconds. 
The  printer  nu»y  he  programmed  to  print  in  multiples  (1-  lU  individual 
frames,  or  the  automatic  se(|uentia1  printing  of  all  the  frames  on  a  given 
microfiche. 

Rase*  of  file  updating  i.s  a  major  factor  that  numt  bt*  con.siidered  in  any 
autmnatie  microfilm  sy-slem.  The  750  individual  microfiche  in  the  CARD 


sum  145 


r*  »•«  ICI4  «>  r»  .  *  4» 


COMPANY 


NUMBER  D2- 12  5717-3 
REV  LIR 


rotary  carousel  provides  a  convenient  and  rapid  method  of  loading, 
storing  and  updating  a  73,  000  technical  manual  page  file.  Since  the 
file  system  always  returns  a  previously  selected  microfiche  to  the  same 
spot  where  it  was  formerly  located,  updating  can  be  quickly  done  by 
simply  replacing  individual  microfiche. 

This  file  arrangement  allows  the  data  to  be  organized  for  each  type  of 
subject  matter,  so  that  information  can  be  stored,  retrieved,  and 
updated  in  a  logical  system,  sub-system,  etc.  manner.  For  example, 
technical  manual  information  that  is  frequently  changing  can  be  located 
in  a  different  file  section  than  static  information.  Classified  information 
can  also  be  segregated  and  access  controlled  via  the  keyboard.  The 
CARD  design  simplifies  the  tasks  of  initial  loading  or  later  updating 
of  the  file  and  prevents  handling  of  the  microfiche  by  the  operator. 

In  practice,  updated  microfiche  would  be  banded  together  and  delivered 
to  each  maintenance  station  viewer.  To  update  the  file,  the  operator 
would  simply  open  an  access  panel  (that  can  be  locked  if  file  is 
classified),  removes  the  microfiche  containing  obsolete  information, 
inserts  the  new  microfiche,  and  closes  (and  lodes)  the  panel. 

5. 2.  6  CARD  System  .Applications 

Several  thousand  CARD  units  are  being  used  by  airline  reservation 
agents  to  provide  random  access  to  microfilmed  reference  (.schedules, 
fares,  etc. )  page.s.  .Airline.*:  arc  also  te.sting  the  C.AHD  .sy.stem  at 
maintenance  bases. 

Microfiche  ha.s  many  advantages  (over  other  microforniat.s)  that  must 
be  exploited  in  future  technical  manual  maintenance  information  pre.sen- 
tntion  system  npplicJitions.  The  CARD  systein  is  llie  best  automatic 
mierofichi*  retrieval  system  available  but  certain  environmental  problems 
must  be  solved.  The  CARD  unit  i.s  non* militarized  and  must  be  used  in 
an  office  environment.  This  aspect  can  be  rectified,  as  was  done  in  the 
K.A1’IDS  (paragraph  3.  ^.‘1.2.2),  Army  KDS  (paragraph  .3. -1. 3.  .*»)  and 
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and  MICROM  (paragraph  4.  4. 1)  programs.  Other  problems,  such  as 
the  "fault- fix''  programming  of  the  technical  manual  maintenance 
information,  formatting  and  indexing  must  also  be  worked  out. 


4.5.6 


4.  5.  6. 1 


Bell  and  Howell  Microfiche  Systems/ 
Equipment 

General  Infoinnation 


The  Micro- Data  Division  of  the  Bell  and  Howell  Company  has  been  a 
leader  in  the  development  and  production  of  many  different  types  of 
microfilm  equipment  that  has  been  successfully  eniployed  in  numerous 
technical  manual  microfilm  programs.  Section  5  of  this  document 
describes  a  number  of  airline  microfiche  applications  and  Figure  5.  4.  2 
shows  a  typical  Bell  and  Howell  microfilm  jacket  system.  Air  Canada, 
Delta,  Icelandic,  Texas  International, Pacific  Southwest,  Air  Jamica 
and  other  airlines  are  using  Bell  and  Howell  microfiche  production  and 
viewing  equipment.  International  Harvester  (Impact  Program),  M’hite 
and  Kenworth  Motor  Trucks,  Gcnei'al  Electric,  Sikorsky  and  many 
other  companies  arc  using  Hell  and  Howell  nVicroficiie  equipme  nt  for 
presenting  technical  manual  information. 


4.  5.  6.2 


Portable  Microfiche  Unit 


The  Bell  and  Howell  portable  niicrofiche  unit,  shown  in  Figure  4.  .5.6.2  i.s 
used  by  airline,  trucking  and  other  industry  maintenance  teelmician.s  in 
isolated  arc.n.s  away  from  the  main  data  base.  The  unit  has*  a  n  x  M-inch 
viewing  screen  with  a  2 1;  I  reduction  ratio.  This  rugged  .‘suitcase  unit 
handles  inicrofieho  and  jackel.s  up  to  6  x  6-ltiches  and  weighs  16  pounds. 

It  operate.^  on  117  volts  or  12  volts  (via  automobile  cigarette  lighter 
connection).  An  .’tUNlliary  power- pack  may  also  be  used.  .Ml  standard 
microfiche  grid  formats  ore  accepted  for  locating  in.nnu.illy  (via 
locator  arrow)  any  pagd  on  a  flehe.  See  Appc*ndt\  in  rear  of  doeumenl 
for  additio’iul  inform.’ition  on  Bell  and  Howell  readers  and  re:uler- printers. 
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1.  FOCUS:  Focus  control  is  up  front 
for  easy  adjustment. 

2.  ON/OFF  SWITCH:  Conveniently 
located  push  button. 

3.  CARRIER  CARO  LOCKING:  Just 
slide  carrier  to  back  and  right  for 
locking  position. 

4.  CARD  CARRiER  OPENING;  Just 
slide  carrier  to  left  side  and  for¬ 
ward  to  automaticaliy  open  card 
carrier. 

5.  LOCATOR  ARROW:  Located  on 
card  carrier,  arrow  pinpoints 
exact  page  to  be  viewed. 
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4.  5.6.  3 


Magnetic  Microfiche  Files 


The  microfiche  "magnetic  finder"  file  trays  or  tubs,  shown  in  Figure  4.  5.  6.  3, 
are  distributed  by  Bell  and  Howell.  These  trays,  used  successfully  in  the 
Army  MICROMS  program  (paragraph  4.  5.  3,  31^  are  made  in  various  sizes 
and  hold  from  80  to  300  microfiche.  The  trays  are  used  as  follows:  When 
the  correct  tab  designation  is  selected  by  the  technician  and  pulled  forward, 
the  microfiche  film  separators  magnetically  fan  or  ripple  open,  providing 
instant  recognition  of  all  the  microfiche  heading  in  that  tab  area.  The 
microfiche  heading. or  "header"  provides  the  technical  manual  number  and 
title  (Appendix  A-2i  or  in  some  cases,  the  system/equipment  title  as  shown 
in  Figure  5.  4.2.2.  A  heavy  gauge  plastic  "outguidc"  is  inserted  and  the 
microfiche  is  removed.  This  "outguide"  feature  prevents  accidental  mis¬ 
placement  of  the  removed  microfiche  and  assures  its  return  to  its  proper 
place  in  the  "magnetic  finder".  Outguides  may  be  used  to  mark  several 
microficlie  removals.  Index  guides  are  made  of  study  aluminum  to  prevent 
the  microfiche  from  curling  (which  may  jam  the  reader).  A  lock  rod  holds 
index  guides  and  separators  in  position  to  prevent  accidental  removal  and 
mixup.  The  microficlie  and  their  magnetic  separators  rest  on  cork  pads  to 
prevent  damage.  The  two  magnetic  trays, shown  in  the  lower  illustration 
of  Figure  4.  5.  6.  3,  contain  722  mici'ofiche  with  information  on  130,  000 
White  truck  parts.  This  data  was  previously  filed  in  52  manuals  (over 
48,000  pages)  requiring" 2 5  feet  of  shelf  space.  Bell  and  Howell  also  produces 
microfilm  metal  cabinet.s  with  locks  designed  for  storing  4x6  microfiche 
in  largo  quantities.  Indiiidual  sections  may  be  segregated  and  locked  for 
storing  clas.sifiod  microfiche. 


4.  5.  7 


4.  5.  7.  1 


Norclco  Programmed  Insti’uction  Mici’oficho 
Display  Unit 

Introduction 


The  Norelco  microficlie  presei^tation  unit, shown  in  Figure  4.  5.  7.  1,  is  being 
included  in  this  document  in  order  to  demonstrate  that  mechanical  jirogrammec 
instruction  (pi)  pi'csontation  devices  do  Jiave  a  role  to  play  in  future 
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operation-Ealntenance  Information  presentation  systems.  This 
Norelco  PI  or  programmed  learning  (Pi  )  unit  is  typical  of  cany 
that  are  available.  Little  research  has  been  done  relative  to 
mechanical  PI  operation-maintenance  instruction  approaches. 
Paragraph  4. 2, 2, 2  describes  Boeing’s  Programmed  Maintenance  In-  • 
struction  (PMI)  research  efforts. 


4.  5.  7. 2 


General  Description 


The  ISbrelco  EL  9001  unit  illustrated  uses  3  x  5-inch  microfiche  (198  frames 
in  22  lines  of  9  frames  each).  The  22  pound  unit  has  a  5  x  8-inch  rear 
projection  screen  and  magnifies  each  image  2  5  times.  Linear  or  extensive 
branching  programs  may  be  presented  (frame  selection  is  via  8  pushbuttons 
with  forward  and  reverse).  Random  access  to  any  of  22  lines  of  microfiche  is 
provided  by  a  thumb  wheel  control.  The  pushbutton  selection  system  and 
manual  random  access  wheel  are  so  designed  that  a  maintenance  technician 
or  flight  crew  member  can  easily  return  to  any  frame  on  the  microfiche 
after  a  time  away  from  the  unit.  They  also  facilitate  removal  of  the  fiche. 

Any  frame  can  be  accessed  rapidly  from  any  point  in  the  program. 


There  is  an  optional  Written  Response  Unit  (shown  in  Figure  4.  5.  7. 1)  for 
written  responses  which  contains  a  paper  strip  that  is  advanced  by  an  independ¬ 
ent  motor  drive  in  coordination  with  each  maintenance  information  flight 
crew  checklist  frame  on  the  viewing  screen.  When  the  ne.xt  frame  is 
selected,  the  paper  written  on  moves  under  a  transparent  v,’indow.  This 
gives  the  technician  or  crew  member  reinforcement  by  allowing  him  to 
compare  his  answer  with  the  correct  or  better  response  subsequently 
projected  on  the  viewing  screen.  However,  it  is  impossible  for  him  to 
change  his  answer  because  it  is  protected  by  the  transparent  window  and 
locked  in  the  unit.  * 
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4.  5.  7,  3  Potential  PI  Operation-Maintenance 

Instruction  Applications 

It  is  not  the  intent  of  this  document  to  deviate  from  the  stated  goal  of 
analyzing  technical  manual  microformat  approaches  in  briefly  discussing 
programmed  instruction  applications.  For  instance,  the  Norelco  programmed 
instruction  display  unit  employs  microfiche  and  could  be  used  for  presenting 
operation  and  maintenance  information  as  well  as  individualized  training. 
Checklists,  inspection  items,  and  operation- maintenance  information  could 
be  presented  and  the  technician  or  flight  crew  member  requested  to  record  his 
response  to  each  programmed  query.  If  a  checklist  response  was  negative 
or  a  fault  was  detected,  his  v/ritten  responses  or  brief  description  of  switch 
positions,  indicators,  etc.  would  be  used  to  assist  others  in  rectifying 
the  system/ equipment  maintenance  problem  in  question. 

These  PI  units  could  also  be  used  to  train  the  maintenance  technician  to 
think  analytically  and  how  to  apply  theory  (on-the-job)  in  ways  the  conven¬ 
tional  printed  technical  manual  could  never  do!  Some  Aerospace  companies 
have  made  use  of  the  mechanical  programmed  instruction  approach  in 
the  supplemental  flight  and  other  technical  manual  areas.  Their  goal  has 
been  to  provide  individualized  instruction  relative  to  the  use  of  infonriation 
contained  in  the  conventional  manuals.  The  mechanic  or  pilot  could  also 
use  the  PI  unit  for  review  or  remedial  independent  self-instruction  purposes, 
Portable  mechanical  P  I  units  have  been  used  in  Viet  Nam  and  at  other  remote 
bases  to  train  technicians  on-the-job. and  to  explain  in  detail  new  complex 
technical  manual  maintenance  procedures  that  were  urgently  needed  on  the 
field.  Both  16mm  (Audiscan  -  paragrapli  3.4.7)  and  microfiche  approaches 
have  been  succes.sfully  employed. 

A  perennial  problem  with  technical  manual  uscixs  is  keeping  up  with  the 
technical  changes!  In  this  case,  the  PI  unit  could  be  luscd  for  on-the-job 
training  relative  to  new  operation-maintenance  instruction  change.s  being 
incorporated  In  the  technical  manual  microfiche  library.  The  microfiched 
teclmical  manual  information  could  bo  u.sod  in  thesi'  \nnts  along  with  the  Pi 
microfiche. 
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These  ideas  were  presented  to  show  a  few  potential  maintenance  instruction 
uses  for  PI.  There  are  many  other  operation-maintenance  instruction 
applications  that  could  profitably  use  the  unique,  random  access,  feedback 
and  branching  capabilities  of  Norelco's  simple,  efficient,  cost-effective, 
reliable  and  light-weight  (approximately  2  8  pounds  for  both  units)  display 
and  feedback  PI  equipment. 

Research  in  this  new  mechanized  individualized  instruction  relative  to 
operation-maintenance  information  has  been  hindered  p-artly  due  to  the 
costly  mistakes  and  problems  encountered  with  computerized  PI.  Research 
in  this  area  should  be  accelerated,  for  the  prime  advantage  of  this  simple, 
mechanical,  microfiche  PI  approach  is  its  ability  to  establish  an  active 
learning  situation  in  which  the  technician  is  obliged  to  react  to  and  build 
upon  the  knowledge  he  is  acquiring  as  he  is  acquiring  it.  Learning  is 
speeded  up  by  immediate  correction,  reinforcement  or  reassurance  that 
a  point  has  been  grasped.  Each  technician  is  personally  involved  in  a  PI 
program  and  works  at  his  own  pace. 

4.  6  MICROFILM  .  \CKET  SYSTEMS 

4.  6.  1  General  Introduction 

The  last  portion  of  this  section  deals  with  three  microfilm  jacket  systems; 
microfiche,  variable  unitized  card  (VUCARD)  and  Kodak's  MICROSTRIV-*. 

4.6.2  Microfiche  Jacket  Systems 

4. 6.2.1  Introduction 

In  tlie  j)revious  microfiche  portion,  it  was  stated  that  ba.sic  microfiche 
systems  offered  speed,  flexibility  and  economy  in  handling  heavy  volumes  of 
complex  and  changing  information.  It  wa.s  also  emphasized  that  tlie  Army 
found  microfiche  to  be  one  of  the  most  practical  solutions  to  tlie  multiple 
problems  of  tcclinical  manual  information  storage,  rapid  inexpen.si vi' 
distribution,  and  most  important,  availability  for  quick  reference. 
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A  relatively  new  microfiche  adaptation  called  microfiche  jackets  which  will 
play  a  major  role  in  future  operation-maintenance  information  presentation 
systems  is  now  analyzed.  Microfiche  jackets  have  all  of  the  aforementioned 
microfiche  advantages  plus  the  additional  advantage  of  being  able  to  change 
any  image  on  the  microfiche  easily  and  rapidly.  This  is  important  in  a  tech¬ 
nical  manual  program  where  revisions  tnay  be  frequent  but  less  than 
20  percent  of  the  total  page  count  of  a  given  manual.  The  jacket  format 
provides  for  add-ons,  deletions,  and  substitutions  of  single  pages  or  film 
strips  (series  of  page.s)  as  required.  The  microfiche  jacket  system  has 
two  other  characteristics  that  distinguish  it  for  use  in  technical  manual 
information  systems;  (1)  The  emulsion  side  of  the  original  film  is  always 
completely  protected  while  it  is  in  the  file  and  while  it  is  in  use,  (2)  The 
jacket's  built-in.  paper  index  can  be  typed  upon,  hand-posted,  or  used  with 
mechanically-prepared  labels.  Such  indexes  are  available  in  color  with 
notch  codes  for  easy  file  classification.  This  color  and  notch  feature  reduces 
microfiche  misfiling,  and  this  increases  the  integrity  of  the  maintenance 
information  file.  Figure  4.  6.2.  1  cites  other  microfiche  jacket  advantages. 

4.  6.2.2  Jacket  Description 

The  microfiche  jacket,  a  close  relation  of  microfiche,  is  a  means  of  housing 
strips  of  microfilm  by  trapping  them  between  two  panels  of  Mylar  film.  Each 
strip  of  film  rests  in  what  is  known  as  a  chamber.  It  may  be  considered  as 
a  filing  card  with  chambers  for  inserting  16mm,  35mm,  70mm,  or  lOarnm 
microfilm  images  in  strips  or  frames.  The  jacket,  with  the  film  strip.s  in 
it,  can  be  used  directly  to  create  duplicate  fiche  cojne.s.  The  relation 
between  the  dimen.sions  of  tlio  microfilm  and  the  jacket  cliamber  is  such  that 
the  film  always  remain.s  fixed  in  position  when  the  jacket  is  in  use  (as  when 
being  duplicated  in  a  printing  unit)  but  it  can  be  moved  along  in  the  chamber 
by  .sub.soqucnt  film  additions  for  updating  the  film.  Duplicate  copies  are 
created  by  contact  printing,  without  pi'oldems  or  los.s  of  quality,  because  the 
emuhsion  .side  of  tlic  film  is  again.st  tlie  thin  side  of  tiu'  jacked.  Thus,  the 
jacket  is  really  a  file  folder,  suitable  for  technical  manual  page  in.sert.s  of 
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varying  sizes,  formats,  and  colors,  that  permanently  protects  and  permits 
the  rapid  reproduction  of  its  indexing  and  all  of  its  contents. 

4. 6.  2.  3  Other  Jacket  System  Equipment 

Figure  5.4.2  shows  the  various  equipment  components  involved  in  the 
input/output  phases  of  a  typical  microfiche  jacket  system. 

4. 6. 2. 3.  1 

In  the  input  phase,  the  technical  manual  paste-up  pages  are  photographed, 
using  rotary  or  planetary  cameras,  on  16  or  35mm  microfilm.  The  next 
input  operation  requires  a  jacket  reader-filler  that  accurately  and  rapidly 
inserts  single  or  multiple  images  into  the  microfilm  jacket  without  the 
use  of  tape,  adhesive  or  the  operator  fingering  the  microfilm.  The  header 
index  for  each  microfiche  can  be  printed,  typed,  addressographed  or 
stamped  on  the  jacket's  built-in  contact  printable  index. 

Figure  4.  6.2.  3  shows  a  jacket  reader- filler  produced  by  Bell  and  Howell 
that  has  these  features: 

•  Files  600  strips  of  microfilm  per  hour 

•  Rapidly  updates  the  Microfiche  Jacket  file  with  single  or  multiple 
image  additions 

•  Verifies  images  befuro  insertion  into  the  Microfiche  Jacket 

•  Registers  tiie  Jaclcet  in  precise  relation  to  the  film  track  for  |>ositive 
and  raj)id  film  insertion 

•  Cuts  exactly  between  images  by  exposing  the  knife  on  the  Reader  screen 

•  Cleans  the  film  as  it  Is  being  filed  into  the  Jacket 

•  Avoids  fingerprints  and  other  film  <lamnge 

•  Automatically  cycles  through  three  function.^  -  fihr  cutting  -  jacket 
indexing  -  notch  clearing  for  updating 

•  Kapitlly  locate.*?  a  predetermliu*d  Jacket  chamber 

•  Accommodates  100  foot  roll.*?  of  16mm  mtcrofilnt 

•  Ni’gative  or  pixsttivc  image  prism  available 
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•  Available  in  16  or  35mm  models 

•  23X  magnification/ 17  x  17-inch  viewing  screen 


Microfiche  jackets  are  rapidly  updated  vith  a  reader-printer  vhich  also, 
via  its  viewing  screen,  assures  complete  verification  of  the  images  (pages) 
being  inserted  into  the  jackets. 

4. 6.2.  3.2 

In  the  output  phase  of  a  typical  microfiche  jacket  system  (Figure  5.  4.2), 
a  printer-processor  is  used  to  duplicate  the  microfiche  jackets.  The  lower 
illustration  in  Figure  4.  6.2.  3  shows  rotary  printer  and  rapid  processing 
units  that  can  produce  up  to  400  low-cost  Diazo  or  Kalvar  microfiche 
duplicates  per  hour. 

4. 6. 2. 4  Kodak  ’’Micro- Thin*’  Jackets 

Figure  4.  6. 2.  4  shows  two  format  types  avail.ablc  in  the  Ea.stman  Kodak’s 
"Micro- Thin"  4  x  6-inch  jackets.  Kodak  claims  these  jackets  are  less 
than  one-third  the  thickness  of  conventional  acetate  jackets.  Thus,  any 
file  capacity  if  increased  by  more  than  SOD’S  when  these  jackets  are  u.sod. 

• 

The  top  illiLstration  in  Figure  4.6.2.  4  shows  a  5  channel  ()6m»r  microfilm) 
format  that  will  hold  up  t(-  70  technical  manual  R  1/2  x  11 -inch  page.s  micro¬ 
filmed  at  a  reduction  ratio  of  24:1.  The  lower  illustration  shows  three 
engineering  drawings  microfilmed  on  .35mm  to  IX>n  .specifiealion.s.  .As  many 
ns  36  engineering  advance  drawing  change  notice.-*  (.ADCNs)  or  oilier  R  1/2  x 
11-inch  engineering  data/information  on  16mm  microfilm  can  be  inserted 
in  the  lower  three  channels.  Kodak  initially  developed  this  engineering 
drawing  -  retriev.nl  jacket  system  for  Hoeing.  Kodak  calks  this  concept 
KUKD  (Kodak  rnitl/.ed  Engineering  Hata).  The  key  m  hievement  of  Kl  Kl) 
is  that  It  pulls  together  in  one  tab-size  IraiLspareni  jacket  (6  x  4 -inches) 
both  engineering  drawings  and  supplemeni.nry  inform.atlon  that  must  go  with 
the  drawings,  such  as  speclfic.nllons,  standards  and  parts  (Reference  2.5) 
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4.  6. 2.  5  Microfiche  Jacket  Filing 

The  microfiche  jackets  can  be  filed  over  100  to  a  filing  inch  in  special  trays 
(paragraph  4. 5.  6.  3).  Thus,  one  filing  inch  of  standard  4  \  6-inch  jacket 
microfiche  can  hold  over  7000  technical  manual  pages  (8  1/2  x  11-inch).. 

The  completed  microfiche  jackets,  like  coded  aperture  cards  and  other 
punched  or  notched  cards  in  large  card  filing  systems,  can  also  be  used 
with  automated  filing  equipment.  Highly  sophisticated  filing  systems  are  now 
available  that  combine  color- notched  microfiche  jackets  and  electro-mech¬ 
anical  filing.  In  a  typical  large  installation,  there  could  be  in  excess  of  a 
million  images  (pages)  in  jackets,  any  of  which  may  be  retrieved  in  6-10 
seconds. 

4.  6. 2.  6  Technical  Manual  .Application 

The  mici'ofiche  jacket  concept  provides  greater  technical  manual  format 
flexibility  than  any  other  microformat,  is  the  easiest  and  cheapest  micro¬ 
form  to  update  (paragraph  4.  G.2.  1)  and  employs  standard  microfiche 
readers  that  are  less  complex,  bulky  and  expensive  (than  roll  film  and 
ultrafiche),  and  are  more  .suitable  for  use  in  compact  quarters.  Thus, 
microfiche  jackets  ai'e  very  adaptable  for  technical  manual  operation- 
maintenance  information  programs.  .Additional  application  information  may 
be  ound  under  the  Vucard  (jacket)  concept  (paragraph  4.  6.  3). 

4.6.3  VUC.ARD  System 

4,  6.  3.  1  General  Do.''cription 

The  Boeing  Com])any  is  using  tiie  Vl'CARD  (Variable  Unitized  Microdata 
Card)  .system  for  the  microfilming  of  their  aircraft  engineering  draw  ings  and 
related  engineering  data.  The  VUC.ARD,  a  7.  37r)  x  3.  250-inch  microfilm 
^  '  jacket  type  card,  is  .sliowm  on  Figure  4.  6.  3.  This  is  tlic  same  .s4ze  as  the 
traditional  tab  card.  The  familiarity  and  widespread  use  of  tab  size 
cards  and  as.soeiatod  file  equipment  led  to  the  adaiAion  of  the  aforementioned 
dimensions  as  the  enginci'ring  drawing  microfilm  card  standard.  The  film 
i.s  the  base  material  and  the  whole  of  the  card  is  considered  appropriate  for 
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VU  CARD  THICKNESS  .C37a  1.0004 

- - -  7.375  i.0C5 - - 

HEADER  >  0riE  llNE 


VARIABLE  NUMBER  _ 

.TO  FULL  CARD  DENSITY- 
‘both  HORIZONTAL  &  VERTICAL' 
FACES  11  X  VARIABLE  &  87^  X  11 


1/16"  RESERVED  FOR  CARD  NOTCHING 


747/65B80230  SHT  1 1  REV  -  ADCN 


MIXED  35  f.™ 


Classifications 
8t  Cross  Refer¬ 
ences. 


35  MM 


Note  -  35  MM 
Individual 
Frames  or 
Continuous 
Image  for 
All  Formats. 


I _ IL_ . _JI _ JL_JLJi _ _J 


Horizontal  or 
Vertical 
8  1/2  X  1 1 -inch 
Pages  Plus 
Continuous 
Image  of  Fold- 
Out  Pages, 


FIGURE  4.  6.3  VUCARD  TYPICAL  FORMATS 
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image  retention  except  for  the  bottom  1/16”  which  is  reserved  for 
possible  card  notching  and  automatic  sorting  use.  (Reference  26). 

4.  6.3.2  747  Aircraft  VUCARD  Test  Program 

This  system  -was  initially  tested  using  747  aircraft  engineering  drawings 
and  is  now  officially  used  for  all  747  drawings  and  related  data.  The 
drawings  and  data  are  copied  using  35inm  and  16mm  cameras  respectively. 
Then,  the  microfilmed  drawings  and  data  are  inserted  in  VUCARD  jackets 
with  jacket  filler-equipment  similar  to  those  shown  in  Figure  4.  6.2.  3.  The 
drawing  number  and  additional  information  is  typed  for  the  header,  as  shown 
in  the  sample  YUC ARDS  on  Figure  4.  6.  3.  Note  that  the  total  area  of  the 
drawings  are  placed  on  the  vucard,  preferably  as  a  continuous  not  a  seg¬ 
mented,  image  when  drawings  are  very  long.  Also  note  that  the  change,  or 
amplifying  notations  applying  to  that  drawing,  is  also  placed  on  the  same 
sheet  of  film,  thereby  creating  a  single  uniti.zed  data  package  for  each  . 
drawing  sheet.  (Reference  27).  ,  ^ 

4.  6.  3.  3  San  Diego  VUCARD  Meeting  . 

Representatives  from  The  Boeing  Company  and  31  other  Aerospace 
companies  and  military  agencies  met  in  San  Diego,  California  in  December 
1968  and  reviewed  a  draft  specification  and  accord  covering  this  new  multi¬ 
image,  film  base,  microfilm  card.  The  objectives  of  tiiis  joint  meeting 
were  to: 

a.  Ensure  that  all  companies  adopt  the  same  basic  parameter.s 
regarding  card  form  microfilm  to  the  maximum  extent  possible. 

b.  Stiiriulate  an  itidustrial  nmve  toward  llio  multi-image,  film  ba.se, 
card  concept  in  place  of  the  more  limited  singio-lmagc,  pajioi'  base, 
aperture  cards,  but  with  a  minimum  of  transitional  problems  and  cost. 

c.  Take  step.s  to  expand  governmental  regulations  and  contractual 
requirements  to  aecept  the  new  microfilm  card  form  in  addition  to  the 
traditional  single  frame  aperture  card. 
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d.  Encourage  the  manufacturers  of  microfilm  equipment  and  supplies 
to  invest  in  the  dev'elopment  of  new'  filming,  viewing,  and  paper  printing, 
equipment  and  materials  that  can  effectively  handle  both  the  new  film  base 
card  and  the  traditional  paper  base  aperture  card,  plus  the  equipment  to 
economically  produce  the  new  film  base  card  in  quantity. 

4.  6.3.4  Potential  Impact  of  San  Diego  Meeting 

The  potential  impact  resulting  from  companies  adopting  the  VUCARD,  or 
similar  standard  could  be  as  follows; 

a.  Abandonment  of  the  keypunch  feature  of  paper  base  aperture  cards. 

b.  Restriction  to  one  size  of  film  card  for  all  but  compelling  exceptions. 

c.  Investment  in  film  card  production  equipment. 

d.  Investment  in  continuous  image  filming  and  continuous  sheet 
printing  equipment  for  larger  drawing  industries  and  others  who  desire  the 
capability. 

e.  A  unit  cost  difference  between  the  film  base  card  and  the  aperture 
card, 

The  cost  of  producing  these  VUCARDS  for  distribution  purposes  was 
initially  approximately  seven  cents  but  once  the  film  base  card  is  standardized, 
it  is  expected  to  be  fully  competitive  v.'ith  the  curj’cnt  five  cent  cost  of 
producing  duplicate  aperture  cards. 

Thi.s  meeting  did  not  reach  a  fii  in  agreement  on  llie  VUCARD  standard  but  the 
con.sen.sus  was  that  a  National,  .standardi’zed  engineering  microformatted 
.system  would  be  cost-effective  in  the  long  run  and  will  become  a  reality 

I 

within  a  few  yeaixs.  The  paper  bu.se,  single  35mm  frame,  apimturc  card 
has  long  been  the  standard  for  handling  engineering  data  because  of  DoD 
endorsement  and  contractual  requirements.  This  single  image  (engineering 
drawing)  coded  tab  card  approach  Is  .still  a  requirement  and  the  coded 
(key  punched)  feature  l.s  useful  for  retrieval  and  other  jnirpose.s.  However, 
thi.s  will  In  changed  since  the  VUCARD  and  slmilai*  ongiiu'ering  drawing/ 
data  mic'rofilm  api)roaehes  are  under  study  by  the  military  and  cotnmercial 
grouns.  _ _  _  _ 
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4,  6.  3,  5  San  Diego  Meeting  Impact  on  Equipment 

Manufacturers 

The  objective  of  the  San  Diego  meeting  was  to  eliminate  the  currently 
unproductive  competition  between  aperture  cards  and  microfiche  regarding 
size  and  image  area.  By  abandoning  unessential  differences  such  as 
keypunch,  base  material  and  basic  dimensions,  it  is  hoped  that  the  micro¬ 
film  industry  can  focus  its  developmental  attention  more  narrowly  yet 
competitively  on  the  following  universal  types  of  equipment. 

a.  Continuous  and  Random  Image  Filming  of  Original  Materials 

This  includes  incremental  or  successive  image  addition  directly  to 
reproduction  master  film  cards  is  also  considered  a  desirable  objective 
to  replace  existing  strip-up  or  jacket  filling  techniques. 

b.  Film  Card  Production  for  Distribution  and  File  Use 

This  includes  a  highly  automated,  integrated  machine  to  produce  at  least 
1500  cards /hour  collated  and  ready  for  distribution  for  a  total  labor 
and  material  cost  per  card  that  is  competitive  with  current  paper  base 
aperture  cards.  Optical  header  scan  to  produce  card  notching  or  other 
card  soi't  coding  should  be  considered  as  a  desirable  and  ultimate  capability 
but  not  an  essential  immediate  requirement. 

c.  Image  Retrieval  at  the  Office  and  Shop  Level 

This  involves  the  future  development  of  (1)  viewers  (readers)  with  full 
height  35mm  image  area  with  no  less  than  12  times  blow  back  with  at  least 
one  other  optional  higher  magnification,  i.e.,  perliaps  12x,  zoom  to  perhaps 
24x  or  12x  and  24x  as  discrete  choices,  (2)  projectors  to  show  maximum 
film  card  area  on  to  at  least  a  3'  x  5'  desk  top  or  wall  screen  area,  again 
with  no  less  than  12x  up  to  whatever  higher  magnification.s  prove  practical, 
(3)  inexpensive  battery  operated  hand  vicwers/projoctors  ranging  from 
pocket  penlight  battery  size  to  auto-alkaline  trouble  lantern  size. 
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4.  6.  3.  6  Technical  Manual  Application  (VUCARD) 

The  VUCARD,  or  a  similar  standardized  engineering  drawing  microformatted 
approach,  will  have  a  great  impact  on  future  technical  manual  programs. 

Our  goal  should  be  to  design  an  engineering  drawing/  data  microformat 
system  that  will  result  in  the  use  of  much  of  the  microformatted  engineering 
information  in  the  technical  manual  microformatted  program.  This  "common¬ 
ality  factor"  and  multi-usage  of  the  same  microformatted  engineering  data  in 
test,  production,  training,  technical  manual  and  other  programs  is  a  must! 
Thus,  it  is  strongly  recommended  that  the  "external"  engineering  deliverables 
(technical  manuals,  etc. )  be  considered  in  t  :j  design  of  any  "internal" 
engineering  drawing/ data  microformatted  system.  A  single-threaded, 
integrated  Engineering/ Integrated  Logistics  Support  (TLS)  microformatted 
"total"  operation- maintenance  information  presentation  system  is,  for  the 
first  time,  a  possibility  due  to  the  advent  of  today's  microfilm  systems. 

4.  6.  4  Kodak-Recordak  MICROSTRIP  System 

4.  6.4.1  General  Description 

The  MICROSTRIP  System  is  a  unique  "plastic  jacket"  system  produced  by 
Kodak-Recordax  and  used  in  the  commercial  world.  A  16mm  film  strip  is 
contained  in  one-piece  plastic  film  holders  or  jackets,  as  shown  in 
Figure  4.  6.  4.  Five  seconds  is  the  average  time-lapse  between  receiving 
and  answering  information  requests  with  this  system.  The  key  to  the  simple 
system  is  the  MICROSTRTP  holder,  a  rigid  plastic  "wand"  "’hich  holds  a 
strip  of  16mm  microfilm  images  (12 -inches. long).  The  end- tab  of  the 
holder  is  color-coded  by  file  category,  and  is  "from-to"  indexed  by  content. 
Each  individual  iinage  is  also  indexed  V)y  "tell-tale"  targeting.  A  technician, 
seated  at  a  MICROSTRTP  reference  station,  could  obtain  maintenance  infor¬ 
mation  from  thousands  of  technical  manual  pages.  The  following  steps,  that 
are  also  shown  In  the  top  Illustration  of  Figure  4.  6.  4,  would  take  him  from 
question  to  answer; 

•  Identify  and  withdraw  the  precisely  indexed  MICROSTRTP  holder  from 
Its  neces.s  file. 
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•  Drop  it  into  the  MTCROSTRIP  reader  slot  (in  the  reader). 

•  Move  the  index  selector  pointer  to  the  image  "tell-tale"  and  image 
is  displayed  on  a  14  x  14- inch  screen. 

Simplicity  is  the  outstanding  feature  of  this  system.  Figure  4.  6.  4  provides 
information  relative  to  an  indexing  kit  which  is  used  with  the  MICKOSTRIP 
plastic  film  holder.  At  the  end  of  each  holder,  an  end-tab  is  provided  for 
color  code  identification  of  file  category  and  "from -to"  index  of  content. 

The  top  surface  of  the  holder  provides  for  "tell-tale"  indexing  of  each  indi¬ 
vidual  image. 

The  modular  microstrip  access  file  is  also  shown  on  Figure  4.  6.  4.  Each 
access  file  holds  100  plastic  16mm  film  holders.  Each  12 -inch  film  in  the 
holder  contains  up  to  21  images  (reduced  8  1/2  x  ll-inch  technical  manual 
pages).  Thus,  each  access  file  can  hold  up  to  2100  images  (pages).'  Twelve 
access  files  can  be  located  adjacent  to  each  reader  or  reader-printer  provi¬ 
ding  easy  access  to  up  to  2  5,200  technical  manual  (8  1/2  x  11 -inch)  pages. 

Additional  MICROSTRIP  features  are  as  follows: 

•  Updating  of  central  reference  files  is  easy  to  accomplish.  Basic 
file  coihponcnts,  of  a  foot  or  less  of  16mm  microfilm^  simplify 
replacements,  add-on.s  and  deletions. 

•  Film  strips  for  holders  can  be  produced  by  standard  16mm  micro¬ 
filming  equipment,  without  special  accessories  or  attachments. 

•  Alphabetic  or  numeric  indexing  of  MICROSTlilP  holder  end- tabs,  and 

of  "tell-tale"  index  strip.s,  can  be  accom]ili.shcd  manually,  by  typewriter, 
or  electronically  by  computer  programming. 

•  An  easily-installed,  ea.sy-to-operate  reader-jirintcr  may  be  substi¬ 
tuted  for  the  reader  for  installations  requiring  facsimile  prints  to 
be  produced  from  microfilm  images. 
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4. 6. 4. 2 


Technical  Manual  Application  (MICKOSTKIP) 


This  system  could  be  employed  in  research  and  development  programs  or 
any  programs  that  require  a  rapidly  changing  operation -maintenance 
information  system.  New  film  strips  could  be  produced  daily,  or  as  require^ 
using  conventional  microfilm  equipment.  The  approach  is  also  suited  to 
a  task-oriented  information  system  since  most  single  maintenance  tasks 
could  be  easily  contained  on  one  holder  (21  pages)  or  at  the  most  on  2  or  3 
holders.  This  is  a  low  ccst  reliable  system  that  is  easy  to  index  and 
has  been  proven- in  hundreds  of  commercial  applications.  iPs  also  a  low 
cost  approach  for  color  applications,  since  the  selected  portions  requiring 
color  could  be  easily  segreated  and  placed  in  separate  holders.  Classified 
pages  could  also  be  easily  segregated  with  this  system. 

Another  application  could  be  to  small  growing  systems.  As  the  system 
expanded,  the  MICROSTRIP  system  could  be  easily  enlarged^since  access 
file  components  are  modular  in  design  and  stack  easily  for  adding  new  file 
increments.  Thus,  additional  access  files,  each  housing  100  MICROSTRIP 
holders,  can  be  arranged  within  easy  reach  of  a  seated  operator  to  provide 
access  to  a  very  large  technical  manual  system. 
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5.  0  AIRLINE  TECHNICAL  MANUAL  MICROFILM 

APPLICATIONS 

5.  1  INTRODUCTION 

This  section  provides  background  information  on  the  airlines'  maintenance 
technical  manual  approach.  .".Also,  a  number  of  typical  airline  technical 
manual  microfilm  applications  that  have  provided  a  partial  solution  to 
the  maintenance  information  bulk  problem  are  described.  These  successful 
airline  applications  employed  both  roll  film  and  microfiche  concepts.  This 
information  was  derived  from  material  procured  from  the  airlines,  Bell 
and  Howell  and  the  3-M  and  other  microfilm  equipment  manufacturers. 

The  airlines  have  conducted  numerous  evaluations  of  their  maintenance 
information  bulk  problem.  For  instance,  American  Airlines,  prior  to 
inaugurating  their  microfilm  technical  manual  system,  required  bookcase 
space  for  11,  400  maintenance,  illustrated  parts,  and  electrical  wiring 
technical  manuals.  These,  placed  in  linear  measurement,  made  a  lineup 
of  books  2850  feet  long  (Reference  3).  Figure  5.  1  cites  otlicr  printed 
technical  manual  problems  encountered  by  the  airlines. 


5.2 

AIRLINE  PRINTED  TECHNICAL  MANUAL 
BACKGROUND  INFORMATION 

5.2,  1 

GENERAL 

The  following  general  background  information  on  airline  technical  manual 
requirements  is  provided  in  order  to  better  assess  the  airline  maintenance 
information  microformat  applications  described  in  tlu.s  section,  and  their 
relationship  to  the  military  technical  manual  microformat  apjdications 
discussed  in  Sections  3,  4  and  6. 
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VOLUME  OF  PAPER 


•  Manuals  Used  At  A  Base 

•  File  Locations 

•  Paper  Manual  Costs 

•  Printing  Costs 

•  Filing  Changes 

•  Missing  Pages 

•  Replacement  Manuals 

•  Size  of  Changes 

•  Spare  Pages 

•  Spare  Page  Requirements 

•  Timely  Release  of  Changes 

•  Changes 


Would  outline  a  football  field. 

Manual  files  at  250  locations  around 
the  world  (PA) 

$399,  000  a  year  (at  $200  a  manual) 

(PA) 

Over  $100, 000  per  year 

26,000  manhours  per  year 

Removed  for  reference  and  seldom 
replaced 

Obsolete  and  missing  pages;  easier  to 
replace  entire  manual 

For  one  year,  weighed  over  100,  000 
pounds  and  would  stack  half  a  mile 
high  (PA) 

Six  million  spare  pages  required 
yearly  to  replace  lost  and  mutilated 
pages  (1500  square  foot  file)  (PA) 

3, 000,  000  spare  pages  must  be 
maintained  to  support  manual  and  page 
replacements 

Average  of  3  to  6  months  for  a  revision 
from  conception  to  release 

Required  2  to  3  weeks  for  printing, 
distributing  and  filing  paper  manual 
changes  (PA) 


TECHNICAL  MANUAT. 
%  Federal  Air  Regulation's 

•  Write-ins 

•  Audits 


£3L£J.in:K.QSIII 

Govern  airlines  in  all  phases  Including 
technical  manual  requirements 

Forbidden  by  FAR  because  of  no  control 

Periodic  audits  of  manuals  required  to 
assure  currency  by  airline  and  FAA 


I2SAGK  FAgTQR 

^  1,026,000  Consultations  Per  Year 

NOTE:  (PA)  after  an  item  indicates  that  this  is  a  Pan  American  World 

Airways  item.  Sec  Reference  2Bat  end  of  document  for  source  of 

information.  All  other  items  relate  to  American  Airlines 

(See  Reference  20 at  end  of  document). 

• 

FIGURE  5. 1  AIRLINE  PRINTED  TECHNICAL  MANUAL  PROBLEMS 


SHfEI  171 


i»  y  I  .Ml  «« I  V  .  |i . '  t 


USE  FOR  TYPEWRI  material  ONLY 


THE 


£SfiFIEM£^  COMPANY 


NUMBER  D2- 125717-3 
REV  LTR 


The  size,  content,  and  revision  activity  of  the  maintenance  information 
required  for  a  given  aircraft  type  varies  widely  between  airlines  due 
to  different  aircraft  configurations,  local  engineering  changes  and  the 
manner  in  which  the  publications  are  handled  internally.  Some  carriers 
combine  the  structural  repair  manual  with  the  maintenance  manual  and 
others  keep  the  power  plant  section  of  the  maintenance  manual  in  a 
separate  engine  manual. 

5.2.2  ATA  SPECIFICATION  100 

The  aircraft- engine  manuals  supplied  to  the  airlines  by  the  manufacturers, 
such  as  Boeing  and  Pratt  an4  Whitney, are  written  in  accordance  with 
Air  Transport  Association  (ATA)  specifications.  ATA  specification  100 
establishes  the  format  and  other  standards  for  the  presentation  of  technical 
manual  information  by  an  aircraft,  aircraft  accessory  or  component 
manufacturer.  The  specification  covers  the  format,  type  size  and 
style,  indexing,  method  of  presentation,  arrangement  of  material, 
numbering  system,  and  standards  of  issuance  and  revision  service. 

5. 2.  3  ARRANGEMENT  OF  SUBJECT  MATTER 

5,2.3.  1 

ATA  specification  100  technical  manuals  have  a  standardized  arrangement 
of  their  contents.  This  identical  content  arrangement,  numbering  and 
indexing  system  requirement  is  imposed  on  the  manufacturers  who  produce 
the  technical  manuals.  Thus,  Chapter  21-00-1  in  any  airline  maintenance 
manual  will  cover  ’'Air  Conditioning  --  Description  and  Operation.  " 

5.2. 3.2 

Each  page  in  an  Illustrated  Parts  Catalog  (IPC)  Is  identified  with  a  three- 
part  number,  known  as  chapter,  subject  and  figure  number,  and  expressed 
with  three  groups  of  two  digits  each.  Page  numbers  are  used  in  IPCs 
beginning  with  page  1  for  each  change  in  flgurc  number.  Each  page  in  a 
Maintenance  Manual  is  identified  in  the  same  manner,  except  that  the 
three  parts  of  the  number  arc  known  as  chapter,  section  and  subject. 


u»  odt  i««4  trv 


SHffl 


172 


USE  FOR  TYPEWRI  MATERIAL  ONLY 


NUMBER 
REV  LTR 


A  typical  maintenance  page  number  would  be  interpreted  as  follows: 


Fire  Protection 
System  (Chapter)" 


Second  page  of 
Engine  Fire  / 
Detector  Unit 
Tr  oubl  es  hooting 


Detection, ^Subsystem  (Section) 

26-10-1  _ 

Code  2  ■ 

Page  102 


Engine  Fire 
Detector,  Unit 
(Subject) 


‘Configuration 


5.2. 3. 3 

All  system/subsystem/unit  (chapter/section/ subject)  maintenance  data  is 
separated  into  specific  tj'pes  of  information.  Blocks  of  sequential  page 
numbers  are  used  as  follows; 

Pages  1  through  100  Description  and  Operation 
Pages  101  through  200  Troubleshooting 

Pages  201  through  300  Maintenance  Practices 

Relatively  simple  units  may  not  require  description  and  operation  and/or 
troubleshooting  information.  In  such  cases,  unused  page-number  blocks 
are  omitted.  For  those  items  requiring  many  types  of  maintenance 
practices,  page  block  201  through  300  is  omitted,  and  page  numbering 
and  maintenance  practices  are  as  follows: 

Pages  301  through  400  Servicing 

Pages  401  through  500  Removal/ln.stallation 

Page.s  501  tnrough  600  Adjustment/Tesl 

Pages  60 1  through  700  Inspcction/Chcck 

Pages  701  tlirough  800  Cleaning/Painting 

Page.s  801  through  900  Approved  Repairs 
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This  ATA  standardized  arrangement  of  subject  matter  is  emphasized 
since  it  is  the  basis  for  an  indexing/ retrieval  system  that  is  universally 
recognized  by  airline  personnel.  The  lack  of  a  good  indexing  system  and 
the  lack  of  a  standardized  numerical  arrangement  of  subject  matter  in 
military  technical  manuals  has  been  a  deterrent  to  the  rapid  retrieval  of 
the  microformatted  technical  manual  maintenance  information  in  the 
Navy  NARF-JAX  test  program  (A-4,  A- 5  and  A- 7  aircraft)  and  other 
microfilm  programs  described  in  Section  6  of  this  document. 


5.2.4 


TECHNICAL  MANUAL  TYPES 


ATA  specification  100  is  applicable  to  Maintenance  Manuals,  Illustrated 
Parts  Catalogs,  Wiring  Diagrams,  Structural  Repair  Manuals,  Overhaul 
Manuals,  Tool  and  Equipment  Lists,  Weight  and  Balance  Manuals  and 
Service  Bulletins.  The  above  maintenance  information  is  suitable  for 
microfilming  except  as  follows; 

a.  The  Wiring  Diagram  manuals  have  presented  a  microfilm  problem 
due  to  the  fact  that  approximately  20%  of  each  manual  consists  of 
11"  X  17"  diagrams. 

b.  The  overhaul,  tool  and  equipment  lists,  weight  and  balance  and 
service  bulletins  have  not  been  put  on  microfilm  due  to  either  limited 
distribution,  low  volume  or  restricted  usage. 


5.2.5 
5.2.5.  1 


TECHNICAL  MANUAL  SIZE  AND  CHANGE  ACTIVITY 


The  size  of  the  original  manuaLs  and  change  activity  varies  with  aircraft 
age  and  the  requirements  of  the  carrier.  Original  Maintenance  Manuals 
vary  in  size  from  5,000  to  B,000  page.*?  and  changes  range  fi’om  100%  to 
400%  per  year.  Illustrated  Parts  Catalogs  range  from  2,  500  to  6,  500 
pages  and  revisions  range  from  50%  to  300%  per  year.  The  Wiring  Diagrams 
average  about  1,000  pages  for  each  model  type  and  changes  vary  from  10% 
to  100%. 
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Each  carrier  negotiateii  with  the  manufacturer  relative  to  the  number 
of  technical  manual  sets  needed.  This  quantity  may  range  up  to  100  sets 
of  manuals.  Based  on  100  sets,  the  carrier  may  be  responsible  for 
handling  from  500,000  to  800,000  technical  manual  pages  for  one  type 
of  aircraft.  When  this  is  multiplied  by  3  or  4  types  of  aircraft,  the 
volume  of  maintehance  manual  pages  handled  for  one  issue  by  one 
carrier  may  be  over  3,  000,  000  pages. 

5.3  AIRLINE  MICROFILM  APPLICATIONS 

5.3.  1 

Most  of  the  commercial  airlines,  including  Western,  Ozark,  Sabena,  JAL, 
Lufthansa,  BEA  and  National,  have  or  are  in  the  process  of  converting 
their  bulky  maintenance  technical  manual  libraries  into  compact  microfilm 
systems  that  employ  reader-printers.  United,  Eastern,  American,  Pan- 
American  and  others  have  implemented  cartridge  tjT^e  roll  films  systems. 

Air  Canada,  Delta,  Icelandic,  Canadian-Pacific,  Air  Jamaica,  Texas 
International  and  other  airlines  have  chosen  microfiche  as  the  most  efficient 
and  economical  method  or  system  for  microfilming  their  printed  technical 
manuals.  The  merits  of  these  two  microfilm  concepts  were  discussed  in 
Sections  3  and  4  of  this  document  and  are  summarized  in  paragraphs  5.S.2 
and  5.  6.  3.  These  microformattod  technical  manual  programs  cover 
primarily  the  ATA  100  maintenance  manuals  and  illustrated  parts  catalogs 
(References  28  through  31). 

5.3.2 

Figure  5.3,2  extracted  from  the  3  February  1067  issue  of  the  American 
Airlines  "Maintenance  Newsletter",  represents  a  typical  microfilm 
maintenance  information  center  in  ojHU*at{on.  The  16mm  reader-printer  shown 
is  a  3-M  Filmac  400C.  Rcador-pcinlersjxvith  a  complete  cartridge  file  are 
also  mounted  on  rolling  stands  which  are  ca.slly  moved  to  any  location  in  the 
vicinity  of  the  iiircraft.  Table  to^>  readers  are  also  employed  by  the 
airlines  since,  in  many  maintenance  areas  it  is  not  necessary  to  have  the 
printout  capability  of  the  reader-printer.  In  low  maintenance  manual  us.nge 
areas r  portable  readers  are  employed.  The  portables  (ml croficbe  or  roll) 
weight  nlxnit  20  lh,s  4and  e:m  lHV easily  off-line  statibn.',  the  flight  llnei 
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or  to  other  locations  inside  the  airplane  or  maintenance  truck  where  its  use  is 

desired.  The  portable  units  operate  on  regular  115  V  60  Hz  aboard 
the  airplane.  Other  portable  models  are  powered  by  internal  battery 
(rechargeable)  or  12  Volt  DC  current  (automotive).  See  Sections  3  and  4 
of  this  document  for  additional  information  on  reader-printer  and  printer 
types. 

5.  4  TYPICAL  AIRLINE  TECHNICAL  MANUAL  MICROFILM 

SYSTEMS 

5.  4.  1  ROLL  FILM  SYSTEM 

Figure  5.  4.  1  flow  chart  shows  the  steps  and  processes  involved  in  a 
typical  airline  16mm  microfilm  system.  The  following  description  of  the 
process  was  extracted  from  information  provided  by  the  3-M  Company: 

a.  MASTER  FILE  -  The  original  material  is  already  in  use  and  consists 
of  the  following  data; 


B-720 

Maintenance  Manual 

8,  000  (pages) 

Illustrated  Parts  Catalog 

6,200 

rr 

Wiring  Diagram 

1,000 

ft 

B-727 

Maintenance  Manual 

6,  400 

M 

Illustrated  Parts  Catalog 

6,  500 

H 

Wiring  Diagram 

1,000 

n 

DC-9 

Maintenance  Manual 

5,  500 

tl 

Illustrated  Parts  Catalog 

6,000 

(t 

Wiring  Diagram 

1,000 

*1 

b.  MICROFILMING  -  Periodically  the  entire  updated  master  publication 
is  filmed  on  16mm  film  at  a  reduction  ratio  of  24: 1.  This  filming 
allows  placement  of  approximately  2,200  8  1/2"  x  11"  images 
per  roll.  This  estimate  allows  adequate  spacing  between  chapters 
to  allow  for  chapter  expansions  due  to  revisions.  Based  upon  2,200 
images  per  roll,  the  total  film  library  at  any  one  location  of  this 
tyifical  airline  application  consists  of  the  following: 

B-720  Maintenance  Manual  4  Rolls  (Cartridges) 

Illustrated  Parts  Catalog  3  *'  " 

Wiring  Diagram  1  •’  " 
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B-727  Maintenance  Manual 

Illustrated  Parts  Catalog 
Wiring  Diagram 


3  Rolls  (Cartridges) 
3  "  " 

j  II  II 


DC -9  Maintenance  Manual  3  ” 

Illustrated  Parts  Catalog  3  " 

Wiring  Diagram  1  '* 


The  Maintenance  Manuals  and  Wiring  Diagrams  will  be  refilmed  every 
30  days  and  the  Illustrated  Parts  Catalogs  will  be  refilmed  every  90  days. 
This  refilming  frequency  is  based  upon  the  incidence  of  revision  to  the 
master  manual  and  may  be  changed  if  required.  Other  airline  experience 


has  indicated  that  these  frequencies  are  desirable  --  considering  both 
economical  and  operational  aspects. 


c.  PROCESSING  AND  INSPECTION  -  After  filming,  the  exposed  film  is 
placed  in  a  processor  where  it  is  developed.  After  the  film  is 
developed,  standard  quality  control  tests  are  applied.  These  include 
checks  for  visual  defects,  resolution  and  density.  As  the  usefulness 
of  the  file  depends  directly  upon  the  quality  of  the  film,  rigid  standards 
are  imposed  on  film  production. 

d.  ■  DUPLICATION  -  The  master  negative  film  from  the  camera  is  then 

placed  in  a  roll-to-roll  printer  where  the  required  number  of  issue 
copies  are  duplicated.  An  average  of  55  copies  of  each  roll  will 
be  distributed. 


e.  CARTRIDGE  LOADING  -  The  required  number  of  issue  rolls  are 

loaded  into  the  microfilm  carti’idges.  These  cartridges  protect  the 
film  during  handling,  and  automate  film  handling  and  speed  retrieval. 


f. 


INDEXING  AND  LABELING  -  After  cartridge  loading,  two  labels  are 
affixed  to  the  cartridge  as  follows: 


Cartridge  Top 
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Cartridge  Face 


CHAPTEF 

\  "  -SUBIEiilX.  POSITION, 

21 

Airconditioning 

0010 

22 

Autopilot 

0060 

23 

Communications 

0230 

24 

A/C  Power  System 

0570 

25 

Equip,  and  Furn. 

0980 

26 

Fire  Protection 

1100 

27 

Flight  Control 

1430 

The  "position"  number  noted  on  the  cartridge  label  indicates  the 
odometer  reading  on  the  3-M  Filmac  400C  Reader-Printer  where 
the  noted  chapter  can  be  located  within  the  cartridge. 

g.  DISTRIBUTION  -  The  file  ready  cartridges  are  placed  in  a  pre- 
addressed  container  for  distribution.  Upon  receipt  of  the  new  film 
cartridge,  the  addressee  removes  the  superseded  film  cartridges 
and  returns  them.  The  old  film  is  discarded  and  the  cartridges 
reused  and  configuration  records  are  updated. 

h.  POINT  OF  USE  -  The  cartridge  containing  the  required  subject 
matter  is  inserted  in  the  Reader-Printer  and  the  desired  page 
viewed  or  copied  as  necessary.  A  dry  copy  may  be  obtained  in 

6  seconds  by  depressing  the  "Print"  button.  Emergency  revisions 
are  located  in  a  small  3 -ring  binder  adjacent  to  the  Reader- Printer 

5.  4.  2  MICROFICHE  AND  MICROFILM  JACKET  SYSTEMS 

5. 4.2.1  GENERAL 

Figure  5.  4.2  flow  chart  shows  the  steps  and  proce.sses  involved  in  a 
typical  technical  manual  microfilm  jacket  application.  A  typical  airline 
microfiche  development  process  would  be  similar  to  that  shown  except 
that  different  camera  typos  would  be  employed  and  reader-fillers  would 
not  bo  required.  Airlines  like  Air  Canada,  Delta  and  Texas  International 
who  are  employing  technical  manual  microfiche  systems  do  their  own 
indexing  and  layout.  Most  of  the  airlines' microfielje  applications  use 
the  9B  page  format. 
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5.  4.  2. 2  MICROFICHE  FORMAT 

Figure  5.  4.2.2  shoves  one  type  of  microfiche  format  being  used  by 
the  airlines.  The  following  is  a  brief  description  of  this  particular 
format: 

a.  Rows  are  identified  in  alphabetical  order:A,  B,  C,  p,  E,  F,  G, 
beginning  with  A  at  the  bottom  of  the  card. 

b.  Columns  are  numbered  1  through  14,  beginning  at  the  left. 

c.  Individual  frames  (pages)  are  identified  by  row  and  column  number, 
D-10,  F-7,  etc. 

d.  •  Each  card  has  a  heading.  The  heading  gives  the  manual  user  as 

much  information  as  possible  to  aid  him  in  m'aking  the  correct  card 
selection  quickly  without  referring  to  any  other  source  of  direction. 
Beginning  at  the  left,  the  heading  consists  of: 

1.  The  name  of  the  manual. 

2.  Titles  of  card  contents. 

3.  Card  number  consisting  of  chapter  (system)  number  and  a 
numerical  sequence  number.  Also  a  revision  date. 

e.  The  A-1  position  of  each  card  provides  a  complete  index  of  that  card, 
showing  the  location  of  each  subject  on  the  card.  Adjacent  images  in 
row  A  are  used  for  the  card  index  as  required. 

f.  The  first  card  of  each  chapter  has  an  index  of  the  whole  chapter 
(if  more  than  one  card  is  required  for  the  chapter).  It  starts  with 
frame  A-1  and  follows  to  completion. 

The  following  is  a  brief  description  of  the  file  and  revision  page  system 
used: 

a.  The  microfiche  (film  cards)  are  filed  in  numerical  order  by  ch.nptcr 
number.  Each  heading  is  in  full  view. 

b.  One  List  of  Effective  Cards  is  included  in  the  Introduction  Chapter 
of  each  manual. 

c.  Pages  affected  by  a  temporary  or  supplementary  page  are  boldly 

idenUned 

d.  TemiJorai 

identified: 


I  Sec  Change  Page 

•y  Revision  pages  and  supplementary  pages  are  boldly 


Page  Changes 
Pam*  at  Left _ _ 
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Illustration  Source: 

Texas  International  Airlines 
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NOTE:  The  circled  numbers  and  letters  shown  above  relate  to  sub- 
paragraphs  of  the*  description  paragiuph  (5.  4.2.2)  of  this 
microfiche  format. 


Figure  5.  4. 2.  2  AIRUNE  MICROFICHE  FORMAT  (TYPICAL) 
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5.  5  ADVANTAGES  OF  AIRLINE  TECHNICAL 

MANUAL  MICROFILM  SYSTEMS 

The  airline  technical  manual  expenditures  discussed  in  the  following 
paragraphs  are  those  incurred  after  the  development  of  the  technical  manual 
paste-up  page  by  the  manufacturer.  These  analyses  compare  the  cost  of 
keeping  printed  technical  manual  information  current  at  the  point  of  use 
with  microformatted  technical  manual  systems.  These  variable  expenditures 
relate  to  storage,  updating,,  distribution,  and  usage  (retrieval  time)  factors 
and  the  integrity  of  the  filed  information.  Some  factors,  such  as  file 
control  and  integrity,  that  are  an  integral  part  of  a  good  microfilm  system, 
are  not  easily  measurable  in  economic  values.  However,  no  one  questions 
the  great  advantages  inherent  in  a  system  that  guarantees  complete  and 
timely  maintenance  information  at  the  point  of  use.  The  following  informa¬ 
tion  obtained  from  The  3-M  Company  was  derived  from  different  airline 
technical  manual  microfilm  system  cost  analyses  and  specifically  relates 
to  the  aforementioned  factors: 

5.  5.  1  FILE  MAINTENANCE 

One  accepted  cost  figure  for  labor  covering  the  insertion  and  deletion  of 
technical  manual  revisions  is  approximately  $30  per  thousand  pages.  This 
figure  has  been  determined  by  detailed  time  studies  of  mechanics,  inspectors, 
leads,  and  clerks  during  task  performance.  Basic  to  the  cost  is  the  rate 
of  filing  which  runs  between  120  and  150  pagc.s  per  hour  and  can  be 
calculated  as  follows: 

To  file  1,000  pages  at  120/hr  =  8.3  hr  x  $3.  90/hr  (Salary)  -  $32.  90/M 

150/hr  =  6.6  hr  X  $3.  90/ hr  (Salary)  =  $25.  74 /M 

The  120-150  per  hour  rate  varies  depending  upon  the  nature  of  the 
manual  revision  and  the  diligence  of  the  reviser.  Elimination  of  this 
filing  cost  is  a  major  expense  reduction  item.  Two  large  domestic  airlines 
estimated  that  they  saved  over  25,000  man-hours  per  year  in  filing  costs 
after  they  introduced  microformatted  technical  muntnl  systems. 
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5.  5.  2  PRINTING  COSTS 

Printing  costs  between  carriers  vary  widely  depending  upon  the  amount 
of  locally  generated  revisions,  distribution  requirements  and  usage 
without  reprinting — of  the  manufacturer's  supplied  revisions.  Costs 
per  page  range  from  $.  0089  to  $.021,  according  to  a  3-M  study  released 
two  years  ago. 

5.  5.  3  USAGE  BY  MAINTENANCE  PERSONNEL 

The  following  quotation  given  in  support  of  microfilm  maintenance  infor¬ 
mation  systems  by  an  airline  maintenance  executive  is  cited  in  the  3-M 
study. 

"The  manhours  required  by  mechanics,  inspectors,  and  fore¬ 
men  to  obtain  information  from  the  printed  technical  manuals 
are  substantially  reduced.  These  individuals  can  obtain  immediate 
prints  of  the  required  maintenance  information  for  use  at  the 
aircraft.  This  material  is  available  and  current  and  can  be 
discardted  when  the  job  is  completed.  This  eliminates  the  need 
for  taking  notes,  removing  pages  and  then  having  to  refile  them, 
removing  the  manual  and  having  to  return  it,  or  making  numerous 
trips  between  the  work  position  and  the  manual  location  to  check 
on  procedures  and  other  information. 

"It  is  estimated  that  each  mechanic  or  inspector  consults  a  manual 
twice  daily  and  that  a  lead  consults  a  manual  four  times  each  day. 
The  following  table  constructs  the  number  of  consultations  per  year 
using  a  factor  of  .  7  to  compensate  for  days  off  the  job  due  to 
vacation,  holidays,  weekends,  etc. 

1900  Mechanics  &  Inspectors  x  .7  x  2  x  360  =  813,600 
210  Leads  x  .  7  x  4  x  360  =  2 12,  <100 

Total  Annual  Consiiltations  “  1,026,000 
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"It  is  expected  that  the  initial  "look-up"  time  under  the  microfilm 
system  will  be  shorter  than  the  6  m.inutes  now  required  for  an 
individual  to  go  from  the  aircraft  or  work  position  and  find  the 
desired  material. 

"Four  times  out  of  ten  the  mechanic  or  inspector  must  do  more 
than  look  up  the  information.  In  these  cases,  he  must  have  the 
information  at  his  work  location.  The  methods  now  employed, 
such  as  taking  notes,  have  already  been  mentioned.  The  time 
spent  taking  notes,  returning  and  refiling  the  material,  or  making 
repeat  consultations  is  normally  in  excess  of  5  minutes.  Assuming 
this  minimum  time  for  40  per  cent  of  the  consultations,  the  annual 
usage  time  is  2  ,  052,000  minutes  or  34,200  manhours  greater  than 
"look-up"  time.  Under  the  proposed  system,  this  additional  time 
can  be  saved  through  the  microfilm  print-out  capability. 

"It  is  not  realistic  to  assume  that  all  of  these  manhours  can  be 
converted  to  productive  labor.  At  least  70  per  cent  of  the  time 
should  be  transferable,  however,  since  technical  manual  consulta¬ 
tions  normally  occur  when  an  aircraft  is  at  the  dock  or  gate  and 
a  specific  job  must  be  done. 

"Under  these  conditions  and  assuming  $3.  90  per  manhour, 

$93,400  will  be  saved  annually.  Manning  standards  beginning  with 
the  1967  budget  will  be  reduced  accordingly  if  the  proposed  program 
is  adopted.  This  is  a  savings  of  about  3  minutes  per  day  per 
man  and  is  conservative  in  light  of  an  estimate  by  Eastern  Air  Lines 
that  their  microfilm  system  will  saving  about  15  minutes  per  day 
per  mechanic  or  inspector.  " 
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5.5.  4  STORAGE  COSTS 

Storage  costs  vary  with  different  airlines.  Included  in  this  category  are 
labor,  space,  racks,  binders  and  cabinets.  The  following  quotations  from 
different  airlines  provide  some  examples  of  these  costs. 

"Spare  Page  File  Cabinets.  The  proposed  microfilm  program 
will  release  109  spare  page  cabinets  costing  $295  each  and 
$2,071  worth  of  spare  page  racks.  These  cabinets  and  racks 
will  be  used  elsewhere.  By  not  having  to  purchase  new  cabinets 
and  racks,  $34,226  will  be  saved  if  the  mocrofilm  program  is 
adopted.  " 

"Manual  Binders.  Of  the  11,000  binders  that  would  be  released 
by  the  microfilm  program,  approximately  70  per  cent  or  7,  700 
binders  can  be  reused.  This  would  eliminate  the  requirement  to 
purchase  new  binders  for  $15,  400  over  a  two  to  three-year  period.  " 

"Space  and  Filing  Cabinets.  It  was  estimated  that  over  1,200  square 
feet  of  space  now  occupied  by  technical  manuals  would  be  reduced 
by  at  least  two-thirds.  At  $30  per  square  foot,  this  is  an  annual  saving 
of  $24,000." 

5.  5.  5  NEW  TECHNICAL  MANUALS  COST  LESS  ON  FILM 

One  airline  procured  over  75  sets  of  the  DC-9  Maintenance  Manual  and 
Illustrated  Parts  Breakdown  with  the  aircraft  at  $200  per  set.  The  total 
bill,  not  counting  binders,-  was  over  $15,000.  By  purchasing  only  one  set 
and  distributing  film  copies  (at  $10  per  set),  the  airline  estimated  that 
approximately  90  per  cent  could  have  been  saved. 

5.  5.  6  FASTER  TRANSMISSION  OF  TECHNICAL  MANUAL 

REVISIONS 

It  takes  2  to  3  weeks  to  complete  the  printing,  distribution  and  filing  cycle 
of  printed  technical  manual  revisions  in  continental  United  State.*?.  This 
cycle  is  reduced  to  a  maximum  of  5  days  when  a  microfilm  system  is 
employed.  For  overseas  transml.ssion,  the  airmail  time  is  4  to  6  days 
whereas  the  equivalent  printed  manuals  sent  by  parcel  po.st  require  30  to 
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60  days.  It  is  too  expensive  to  transmit  printed  technical  manual 
revisions  by  airmail  overseas.  One  airline  estimated  that  revisions 
to  their  printed  technical  manual  system  in  one  year  weighed  over 
25,000  pounds.’  The  microfilm  time  savings  from  weeks  to  days  are 
possible  due  to  faster  production  time,  not  having  to  send  material  to  a 
non- controllable  print  shop,  and  receipt  of  revision  material  from  the 
manufacturer  prior  to  his  sending  the  material  to  a  local  printer. 


5.  6 

AIRLINE  ROLL  FILM /MICROFICHE 
SELECTION  CRITERIA 

5.6.  1 

GENERAL 

The  airlines  are  currently  using  roll  film  and  microfiche  maintenance 
information  systems.  This  closing  portion  discusses  some  of  the  factors 
that  the  airlines  had  to  consider  in  the  process  of  selecting  the  microfilm 
approach  best  suited  to  their  operations. 

5.  6.  1.1 

The  following  items  are  some  of  the  tangible  and  intangible  cost  considera 
tions  Eastern  Airlines  used  in  justifying  their  microfilm  approach: 

TANGIBLE 

1.  Costs  to  Revise  Publications  1. 

2.  Printing  Costs  2. 

3.  Cost  to  Distribute  3. 

4.  Manufacturer's  Revision  Scr*  4. 
vice 

5.  Space  and  Equipment  Cost  5. 

6.  Form  Printing  and  Maintenance  G. 

7.  Security  File  Cost  7. 

8. 

0. 


( 
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File  Integrity 
File  Control 
Lapsed  Time 

Fast  Retrieval 

Print-out  Capability 

Eliminates  U.se  of  Out-Of-Date 
Forms 

Compact  Security  Storage 
Modern  System 
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The  following  information  or  criteria  also  had  to  be  obtained  and 
synthesized  by  the  airlines  prior  to  selecting  a  particular  microfilm 
system; 


1.  Is  Print-out  Required? 

2.  Depth  of  Indexing  Required. 

3.  Frequency  of  Information 
Retrieval 

4.  Is  Reproduction  of  Forms 
Required? 

5.  Is  There  a  Problem  With 
Out-of-file  Material? 

6.  Is  There  a  Security  Require¬ 
ment? 

7.  Is  There  a  Need  for  Mainte¬ 
nance  of  Superseded  Informa¬ 
tion? 

8.  Size  of  Original  Documents 

9.  Condition  of  Original  Documents 

10.  Is  Image  Rotation  Required? 

11.  Number  of  Pages  Revised 
Monthly 


12.  Number  of  Pages  in  Manual(s). 

13.  Number  of  Manuals 

14.  Distribution 

15.  Space  Required  for  Filing 

16.  Cost  of  Space  per  Sq.  Ft. 

17.  Manhours  Required  for  Filing 

18.  Manhours  Required  to  Handle 
Material 

19.  Printing  Costs 

20.  Cost  of  Manuals 

21.  Cost  of  Revision  Service 

22.  Cost  of  Binders 

23.  Cost  of  Rack.s 


5.  6. 2. 


ROLL  FILM  CONSIDERATIONS 


Eastern  Airlincs.  in  their  early  microfilm  application  studies, found  that 
the  largest  dollar  savings  to  be  realized  were  in  tlic  area  of  revising 
and  maintaining  current  technical  manuals.  This  fact, and  other  file 
integrity  considerations, led  to  their  development  of  a.systcm  employing 
roll  film  cartridges.  They  u.sod  the  DC-9  maintenance  manual  in  their 
study  as  an  example  to  compare  the  relative  cost  of  roll  film  in  cartridges 
with  a  Ficlic  system  using  jackets  for  masters.  The  DC -9  manual  consisted 
of  over  6,000  pages,  and  since  the  DC-9  was  a  recent  addition  to  their 
fleet,  the  manual  revision  frequeney  was  high  and  involved  over  2*1,000 
pages  per  manual  per  year. 
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They  made  a  detailed  comparison  of  costs  before  and  after  a  specific 
revision  had  been  incorporated  in  the  manual.  This  comparison  was 
based  on  the  assumption  that  the  complete  manual  is  rephotographed 
each  time  when  roll  film  is  used  and  only  the  affected  lines  are 
rephotographed  when  Fiche  is  used.  They  used  600  images  per  100- foot 
roll  and  60  images  per  Fiche.  A  distribution  of  95  copies  was  used. 

Eastern  found  that  when  the  revision  was  incorporated  in  the  manual 
73%  of  the  lines  and  95%  of  the  Fiche  cards  were  affected.  The  number 
of  cards  was  increased  by  4%  and  only  4%  of  the  cards  required  no 
changes.  The  high  percentage  of  cards  affected  illustrates  the  distribution 
of  revised  pages  throughout  the  manual  and  points  up  the  fact  that  while 
only  one  line  out  of  five  on  a  card  may  contain  revised  material,  that 
particular  card  still  has  to  be  revised  and  duplicates  distributed.  This 
comparison  indicated  a  saving  of  $300  for  the  initial  filming  and  $240 
for  each  revision  for  roll  film,  compared  to  Fiche. 

Figure  5.6.2  shows  Eastern's  cost  for  producing  microfilm  in  these 
two  foi'ms.  The  top  chart  shows  the  cost  of  producing  one  roll  of  master 
film,  one  duplicate  copy  in  a  cartridge,  one  set  of  Fiche  master  jackets, 
and  one  duplicate  set  of  Fiche  cards.  These  curves  start  at  a  point  repre¬ 
senting  the  labor  cost  for  one-half  hour,  since  it  is  estimated  that  this 
minimum  time  would  be  required  for  any  operation.  The  lower  "distribution” 
graph  in  Figure  5.6.2  shows  the  cost  for  one  duplicate  roll  in  a  cartridge, 
and  an  equivalent  set  of  duplicate  Fiche  cards  for  a  distribution  of  1  to 
100  copies.  These  costs  would  have  to  be  multiplied  by  the  number  of 
rolls  or  sets  per  manual  to  obtain  a  per  issue  cost. 

Eastern  did  not  evaluate  the  relative  cost  of  the  equipment  or  of  maintaining 
the  original  document  files.  The  cost  of  equipment  was  readily  obtainable 
but  the  labor  cost  of  maintaining  the  original  document  files  on  a  Fiche 
line  basis,  with  the  depth  of  indexing  required,  was  estimated  by  E.a.stern 
to  be  three  times  that  required  for  a  roll  system.  These  costs,  together 
with  their  desire  for  complete  file  integrity  (inherent  in  a  cartridge  system) 
and  other  intangibles, l<*d  Eastern  to  select  the  16mm  roll  film  cartridge 
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MINIMUM  COST  IMAGES 
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$18.21 


X  $15.44 


COST  PICHE  MASTER 

(INCLUDES  JACKET  COST), 


FICHE  DUPLICATES 
J! ASTER.  / 
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X**^*^^^  (INCLUDI 

_ CARTRIC 
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CARTRIDGE  COST) 
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•-'  ROLL  CARTRIDGE  i  FICHE  JACKET  COSTS' 

X^SILVER  MASTER  HAVE  BEEN  PRO  RATED  OVER  1  YEAR 
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1950 
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DISTRIBUTION 


1  5  10  20 

DISTRIBUTION 
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1  CARTRIDGE  (2600  IMAGES) 


Figure  5.  6.  2  ROLL  VS  FICHE  COMPARATIVE  PRODUCTION  COSTS 
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approach.  Eastern  stressed  that  their  cost  studies  do  not  indicate 
that  a  cartridge  system  is  always  more  economical  than  a  jacket  micro- 
fiche  ‘system.  They  stated  that  in  the  case  of  maintenance  publications, 
where  the  number  of  pages  is  high  and  there  is  a  large  distribution  with 
large  and  frequent  revisions,  the  cartridge  system  may  be  cheaper. 
However,  where  the  technical  manual  involved  has  relatively  few  pages, 
with  small  distribution,  and  revisions  are  small  and  infrequent,  jacket 
microfiche  has  a  definite  application.  Some  airlines  are  using  a  combina¬ 
tion  roll  film  and  microfiche  concept.  Many  airlines  rejected  the  micro¬ 
fiche  approach  because  of  handling  and  filing  problems  and  because  the 
sheet  of  film  had  no  protection  from  the  hands  of  the  user  (usually  a 
mechanic). 

5.  6.  3  MICROFICHE  CONSIDERATIONS 

Other  airlines  have  selected  microfiche  systems  due  to  their  in-house 
capability  of  making  revisions  on  an  individual  page  basis.  Thus,  an 
urgent  revision  can  be  produced  and  distributed  in  one  day,  requiring 
only  a  limited  number  of  pages  to  be  refilmed.  In  a  roll  film  system 
the  entire  100  feet  of  film  must  be  duplicated  (2600  pages).  Other  micro¬ 
fiche  advantages  cited  by  the  airlines  are; 

a)  Readers  are  cheaper,  easier  to  maintain,  and  more  reliable. 

Portable  battery  powered  microfiche  readers  insure  a  100%  back-up 
system. 

b)  Readers  are  lighter  and  portable.  Thus,  the  equipment  can  be 
brought  directly  to  the  point  of  use. 

c)  Drawings  and  schematics  can  be  filmed  since  microfiche  readers 
are  available  with  14''  x  20"  screens  that  project  a  full  11"  x  17" 

"B"  size  mlcroformatted  drawing. 

d)  Microfiche  distribution  is  less  troublesome.  There  are  no  cartridges 
to  return  for  re-loading  and  no  labels  to  be  peeled  off  for  new  indexing. 
Regular  size  envelopes  arc  used  for  most  applications. 
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e)  Each  microfiche  has  an  eye-legible  index  title  across  the  top. 
When  stored  in  "Acme  Visible"  racks  (ladder-type  pockets), 
the  airline  user  can  quickly  scan  all  the  index  headings  without 
touching  the  microfiche.  No  eye-tiring  scanning  of  many  film 
images  is  required. 


5.6.4 


FILE  INTEGRITY  CONSIDERATION 


The  aforementioned  considerations  relative  to  airline  roll  film/ 
microfiche  selection  criteria  have  stressed  the  economic  aspects  and  the 
pros  and  cons  of  the  equipment  and  microformats. 

However,  one  consideration  looms  above  these  —  file  integrity!  The 
following  quotation  from  the  3-M  Company  emphasizes  this: 

"The  pure  and  simple  truth  of  the  matter  as  concerns  the  airlines  -is 
that  economic  justification  of  the  system  is  secondary  as  ^  buying 
motive  to  the  benefits  of  file  control  and  integrity  inherent  in  a  microfilm 
system.  " 


File  integrity  is  of  prime  importance  to  the  airlines  since  Federal  Air 
Regulation  (FAR)  require  periodic  audits  of  their  technical  manual 
information  to  assure  that  it  is  complete  and  current.  No  missing  pages 
or  revision  "write-ins"  on  the  manual  pages  arc  permitted.  Microfilmeu 
manuals  are  always  complete  and  up-to-date.  Individual  pages  cannot 
be  lost,  destroyed,  or  not  put  in  the  manuals. 

5. 7  BOEING'S  ATA- 100  TECHNICAL  MANUAL 

MICROFILM  SYSTEM 

See  Exhibit  E  for  a  brief  description  of  the  Booing  Con'mcrcial  Airplane 
Group's  ATA- 100  technical  manual  ndcrofilni  syslcn.. 
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6.0  MILITARY  MAINTENANCE  INFORMATION 

PRESENTATION  SYSTEM  STUDIES  AND 
APPLICATIONS 

6. 1  INTRODUCTION 

This  section  briefly  reviews  recent  military  maintenance  information 
presentation  system  studies  and  applications  with  particular  emphasis  given 
to  microfilm  concepts.  Library  searches  were  conducted  and  major 
reference  indexes  were  reviewed.  Articles  that  appeared  relevant  to  the 
subject  area  were  identified  and  were  obtained  for  review  and  analysis.  The 
literature  surveyed  covered  both  military  and  commercial  applications. 
Section  5  reviewed  the  commercial  airline  technical  manual  microformat 
applications.  However,  most  of  the  research  on  this  subject  has  been 
sponsored  by  the  military  services.  To  ensure  that  the  latest  findings 
from  recently  completed  research  and  on-going  studies  were  reflected  in 
the  report,  contacts  were  established  and  information  obtained  directly 
from  investigators  currently  working  in  the  technical  manual  improvement 
field  and  related  areas. 

No  single  "cure-aH”  concept  exists  today  that  will  solve  the  many  and 
varied  maintenance  information  problems  that  must  be  considered  in 
developing  optimal  "total"  (all  maintenance  level)  weapon  system  maintenance 
information  presentation  systems'.  Many  of  the  recent  "so-called"  success - 
Ailly  tested  maintenance  Information  concepts  are  publicised  as  "total" 
maintenance  information  presentation  system  "cure-all"  concepts.  However, 
this  is  not  valid  since  most  of  the  new  presentation  concepts  recently 
tested  were  tailored  to  inclusive  maintenance  problem  areas  because  of 
special  interests  and  funding  restrictions. 
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One  must  keep  in  mind  that  there  is  no  satisfactory,  standardized  and 
scientific  job  proficiency/job  performance  aid  measurement  techniques 
available  today  for  evaluating  and  comparing  the  new  technical  manual 
presentation  systems.  Dr.  John  P.  Foley,  Jr,  of  the  Air  Force  Human 
Resources  Laboratory,  who  is  working  on  this  problem,  stated  in  a  recent 
Air  Force  job  performance  aids  research  report  the  following: 

"Job-task  performance  test  procedures  together  with  appropriate 
scoring  schemes  must  be  developed  to  measure  both  training 
effectiveness  and  job  effectiveness  of  personnel.  Gross  systems 
effectiveness  measures  such  as  down  time  and  turn-around  time 
were  used  in  a  current  weapons  systems  job  performance  aids 
experiment.  Such  measures  are  not  precise  enough  to  determine 
individual  effectiveness."  (Reference  32). 

Figure  6.  5  provides  a  resume  of  some  of  the  recent  military  technical 
manual  improvement  developments,  tests  and  applications. 

The  following  paragraphs  briefly  survey  studies  and  applications  performed 
by  the  Air  Force,  Navy  and  Army.  Part  of  this  information  was  abstracted 
from  a  study  conducted  by  Phllco-Ford  for  the  Department  of  Labor 
(Reference  33).  Most  of  the  information  was  derived  from  official 
military  test  reports  which  are  referenced  after  each  item  and  cited  in 
the  Reference  sheets  in  the  rear  of  this  document. 

8.2  AIR  FORCE  STUDIES  AND  APPLICATIONS 

6.2.1  Introduction 

The  Air  Force  and  its  supporting  contractors  have  been  leaders  in  maintenance 
information/presentation  improv^ent  studies  and  applications.  Aiir  Force 
criteria  lists  technical  manualeland  maintenance  instructions  under  the 
category  •  "Job  Performance  Aids",  and  many  of  the  studies  are 
found  under  thie  title.  The  aforementioned  Phtlco-Ford  stud)^  states; 

■■■■■■■■  i  . 
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"The  Air  Force,  more  than  any  other  organization,  has  identified  and  I 

defined  the  job  performance  aid/technical  manual  field  as  an  important 
element  in  weapon  system  effectiveness.  "  (Reference  33) 

6.  2.  2  EARLY  AIR  FORCE  STUDIES 

Early  Air  Force  studies  were  directed  mainly  towards  improving  trouble shootinj 
or  fault  isolation  techniques.  The  first  of  a  long  list  of  research  study 
documents  in  this  area  appeared  in  the  mid-1950s  with  a  report  by  Berkshire 
(Reference  34).  From  1954  to  1958, the  Air  Force  Personnel  and  Training 
Research  Center  (AFPTRC)  sponsored  many  technical  manual  studies.  The 
primary  emphasis  in  the  studies  was  on  simplification  of  troubleshooting, 
including  research  into  what  information  should  be  displayed.  During  this  perioc  , 
the'Ar'PTRC  Maintenance  Laboratory  developed  a  major  research  program 
to  explore  the  possibilities  of  materially  decreasing  technical  training  and 
achieving  important  increases  in  technician  performance  through  improved 
methods  for  communicating  maintenance  information  in  operational  situations. 

The  program  included  the  development  and  test  of  experimental  job  aid  material! 
and  devices  at  well  as  research  on  improved  presentation  techniques  for  use 
in  technical  manuals,  film  aids  and  other  devices.  Unfortunately,  this  program 
was  terminated  in  lest  than  two  years  because  of  curtailments  in  funds. 

(Reference  35). 

6. 2. 3  AIR  force  STUDIES  IN  THE  EARLY  1960s 

The  Air  Force's  technical  man\ial  improvement  studies  during  the  early  I960  s 
are  cited  in  a  series  of  reports  by  Folley  et  al.  (References  36  through  39  ). 

The  Air  Force  Huntan  Resources  Laboratory  (AFHRL)  has  sponsored  research 
directed  toward  achieving  a  bettor  understanding  of  the  many  variables  that 
influence  the  effectiveness  of  technical  manuals.  The  variables  studied 
included  level  of  information  detail,  inforntation  format,  data  flow  relationships 
and  personnel  aptitude. 
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The  most  systematic  exploratory  development  efforts,  relative  to  job 
performance  aid^have  been  conducted  by  this  laboratory  since  1960. 

These  have  been  concerned  primarily  with  aiding  the  performance  of 
electronic  maintenance  tasks  with  particular  emphasis  given  to  trouble¬ 
shooting  tasks.  The  AFHRL  laboratory's  unique  and  far-reaching  contribution 
has  been  fully  proceduralized  or  non-decision  aids  for  all  electronic 
maintenance  activities.  The  laboratory  development  and  tryout  of  these  non¬ 
decision  aids  was  completed  in  1968  with  the  report  by  Elliott  (Reference  40  ). 
Currently,, the  AFHRL  is  preparing  fully  proceduralized  aids  for  an  Air  Force 
electronics  subsystem  (Reference  32  ).  • 

Since  1960,  the  Technical  Training  Branch  of  AFHRL  has  supported  a  small 
but  continuing  exploratory  development  program.  This  has  included  (A) 
a  systematic  investigation  to  identify  important  variables  concerning  job 
performance  aids  and  the  study  of  the  effects  of  such  variables  on  actual 
performance  .and  (B)  field  survey  to  determine  both  the  current  and  future  of 
Air  Force  Electronic  Maintenance  Technical  Data  Problems.  Dr.  John  P. 
Foley.  Jr. ,  of  AFHRL,  has  been  the  Air  Force  technical  monitor  of  this 
effort.  All  of  this  program  has  been  conducted  under  contract  and  the  results 
have  been  reported  in  15  technical  reports  that  are  listed  in  the  reference 
section  at  tne  end  of  this  document.  Most  of  this  research  has  been  done 
by  Applied  Science  Associates,  Inc.  (ASA)  of  Valencia,  Ohio. 

The  experimental  evidence,  to  date,  indicates  that  great  savings  both  in 
system  maintenance  efficiency  and  in  training  efficiency  can  be  obtained 
by  well -designed  Job  performance  aids.  If  a  maintenance  man  uses  a  good 
job  performance  aid,  he  requires  less  training  and  ho  makes  fewer  errors 
in  his  work  (Reference  32  ). 
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AIR  FORCE  PROJECT  PIMO 


On«  major  Air  Force  research  and  development  program,  Project  #1310, 
Just  completed  will  have  an  impact  on  the  future  of  technical  manuals. 

This  multi*million  dollar  project,  under  the  sponsorship  of  the  Air  Force 
Systems  Command,  entitled  Presentation  of  Information  for  Maintenance  and 
Operation  (PIMO),  was  directed  toward  improving  aircraft  maintenance  by 
providing  a  better  system  for  presenting  maintenance  information  on  the 
Air  Force  technician.  Specifically,  the  program  was  concerned  with  identi¬ 
fying  what  information  is  actually  required  by  maintenance  personnel, 
determining  the  best  way  of  compiling  such  information  and  oj  timizing  the 
means  of  presentation  of  information  to  the  user.  This  program  advocates  a 
questionable  "task-oriented"  maintenance  information  approach  that  is 
considerably  different  from  that  recommended  by  the  Army  and  Navy.  This 
controversial  program  employed  "fully  procedural! zed"  non-decision  type  , 
maintenance  aids  for  the  "fix"  portions  and  SIMM  Maintenance  Dependency 
Chart  (MDC)  decision-type  troubleshooting  and  other  aids  for  the  "fault" 
portions.  Figure  3.  4.  7.  1  in  this  document  shows  and  describes  the 
AUDISCAN  equipment  employed  in  the  PIMO  audio-visual  mode.  The  PIMO 
project  is  evaluated  in  Boeing  document  D2- 125717-7  (Reference  19). 


6.2.5 
6.2.5.  1 


AIR  FORCE  G-5A  MADAR  CONCEPT 
Background 


The  C-5A  maintenance  system  had  a  design  requirement  for  on-board  testing 
dow’n  to  the  lowest  line  replaceable  unit  (LRU),  with  a  subsequent  announce¬ 
ment  to  the  crew  as  well  as  a  record-keeping  entry.  Thus,  Lockheed 
designed  an  on-board  manned  (Flight  Engineer)  malfunction  detection 
system  called  MADAR  which  is  an  acronym  for  Malfunction  Detection, 
Analysis  and  Recording  System. 
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Tlw  iiA.OAR  syttem  Automatically  tnonitora  approxitnaialy  9S0  poiaiM  ip  thp 
C>5A,  tuma  on  a  panel  light  at  the  control  station  if  a  faituro  occurs  and 
prints  out  a  record  that  identifies  the  unit  requiring  replacement.  The  system 
also  includes  a  manual  diagnostic  function  that  may  be  used  to  check  the 
performance  of  hundreds  of  selected  points  without  interrupting  the  automatic 
monitoring. 


The  MADAR  system  consists  essentially  of  two  subsystems  -  automatic  and 
manual  (which  uses  a  l6mm  maintenance  information  presentation  system)  -  -  - 
which  share  a  printout  unit  and  a  maintenance  data  recorder  for  record  keeping 
purposes.  The  automatic  portion  operates  whenever  the  switch  is  "on". 

However,  the  manual  portion  is  used  at  the  discretion  of  the  Flight  Engineer. 

The  automatic  mode  monitors  LRUs  wlichhave  signal  data  outputs  amenable 
to  digital  techniques.  Data  sampling,  value  comparison,  limit  detection,  and 
malfunction  printout  are  performed  automatically  according  to  a  preprogrammed 
plan.  The  system  sequentially  monitors  approximately  950  data  points  in  the 
automatic  mode.  If  a  failure  is  detected,  the  LRU  number,  time  of  day,  and 
data  are  automatically  printed  out  in  alphanumeric  code,  and  also,  recorded 
on  a  maintenance  data  recorder.  The  failed  subsystem  name  is  illuminated 
on  the  Control /Display  Subsystem  status  panel. 


6.  2.  5.  3  MADAR  Manual(Diagnostic)  Mode 

I 

The  automatic  mode  is  not  interrupted  when  the  manual  mode  is  operated.  The 
operator' uses  the  manual  (q^r  diagnostic)  mode  whenever  he  has  any  reason  to 
suspect  a  malfun^tiohing  rtiohitored  system.  For  example,  a  problem  may  be 
indicated  in  the  heading  Ipop^^  The  operato*^  depresses  the  Flight  Control 
;  Subsystem  entry  button  and  a"  film  frame  is  projected  on  the  view  screen 
that  provides  instructions  for  initiating  an  analysis  of  the  heading  loop.  Specific 
tests  points  are  called  up  by'  the  film  program  for  waveform  display  and 
comparison.  As  the  live  waveforms  are  projected,  an  analysis  film  frame  is 
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MiliiiltttiHMMnlfy  AlMwring  typical  waveform  pattern*  which  apply 

•fWCiflcaQy  te  tit«  aolccted  data  poitd  in  the  loop  with  inftruction*  for  the 
neait  teat  point.  The  operator  can  progress  sequentially  through  the  entire 
heading  loop  examining  the  loop  for  faulty  signal  data  flow  and  thus  locate 
any  faulty  LRU  that  may  appear.  Diagnostic  procedures  as  well  as  waveforms 
and  test  point  information  may  be  called-up,  as  required,  via  the  control  panel. 


Thus,  in  the  manual  mode  (or  diagnostic  mode)  the  MADAR  system  provides 
the  operator  (Flight  Engineer)  with  a  visual  waveform  display  for  his  use  in 
analyzing  analog  parameters  that  are  not  amenable  to  automatic  techniques. 
Critical  analog  parameters  are  analyzed  by  comparison  of  simultaneously 
projected  live  waveforms  with  stored  16mm  film  (frame)  patterns  on  the 
oscilloscope  and  Digital  Readout  Unit  and  the  Microfilm  Data  Retrieval  Unit 
respectively  as  shown  on  Figure  6.  2.  5.  3. 


Manual  mode  operations  are  controlled  by  the  Control  Display  (C/D)  Group  at  the 
Flight  Engineer's  station  as  shown  in  Figure  6.  2.  5.  3.  The  three  C/D  group 
equipment  units  provide  centralized  control  of  the  MADAR  system  as  follows: 

Microfilm  Data  Retrieval  Unit: 

•  Is  capable  of  retrieving,  in  a  random  manner,  any  one  of  10,  000 
frames  (l6mm  film)  of  maintenance  information 

•  Contains  a  film  strip  memory  with  a  storage  capacity  of  approximately 
1.  5  million  bits  in  addition  to  the  10,  000  frames  of  maintenance 
information  used  for  visual  presentation 

•  Has  an  access  time  of  4  seconds  (average) 

•  Provides  rapid  film  updating  via  l6mm  film  "magazine"  replacement 
Control  and  Sequencer  Unit 

•  Contains  the  digital  logic  necessary  to  control  the  operation  of  the 

Occilloscope/Digital  Readout  Unit,  Data  Retrieval  Unit,  and  the 
Manual  Multiplexer 
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*  Control*  ^  rtMCting  of  incomii^  on4  ootfoinf  Jot*  to  the  Control 
Display  Group 

o  Provides  choice  of  switches  to  operator 

o  Permits  immediate  subsystem  selection  and  status  determination 

*  Provides  random  addressing  of  test  points 

Oscilloscope /Digital  Readout  Unit: 

e  Is  completely  and  automatically  programmed  from  coded  information 
contained  on  the  film 

e  Contains  a  dual  trace,  storage,  CRT  (daylight  viewing) 

e  Incorporates  an  AC -DC  digital  voltmeter  with  a  bandwidth  from 
DC  to  2  Me  and  capability  for  quadrature  voltage  measurement 

s  Incorporates  an  oscilloscope  that  can  be  AC  or  DC  coupled  and 
has  a  bandwidth  from  DC  to  10  Me 

*  Provides  trace  storage  capability 


6.  2.  5. 4 


MADAR  Manual  Mode  -  LRU  Status  Determination 


LRU  status  determination  by  the  manual  mode  is  similar  to  the  method  used 
for  the  automatic  mode.  The  operator  selects  the  desired  subsystems  and 
begins  the  film  preprogrammed  interrogation  of  the  subsystem  test  points. 

As  each  live  waveform  appears  on  the  oscilloscope,  a  corresponding  film  frame 
is  displayed  on  the  microfilm  Data  Retrieval  Unit 's  screen.  This  film  frame 
provides  either  information  or  waveforms  to  the  operator  in  a  manner  that 
permits  him  continued  operation  "choice".  As  choices  are  made,  the  operator 
progresses  through  the  programmed  diagnosis  of  the  selected  subsystem.  When 
the  operator's  choice  depicts  an  improper  waveform,  and  a  subsequent  faulty 
LRU,  the  actuation  of  the  choice  switch -produces  an  output  to  the  Print  Out 
and  Maintenance  Data  Recorder  Units.  The  printout  includes  LRU  number, 
subsystem  identification,  and  time. 

Random  access  to  any  test  point  imay  be  obtained  by  entering  the  test  point  addrei  s 
through  the  C/D  keyboard.  The  tost  data  signal  is  thus  displayed  without 
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regard  ta  any  diagnoatic  a«b<rairttec.  This  operation  would  be  performed 
by  an  experienced  technician  doing  ^tailed  troubleshooting. 

6. 2.  S.  5  MADAR  Maintenance  Information  Presentation  Concept 

Approximately  10,000  coded  maintenance  information  film  frames  are  used  in 
the  l6mm  presentation  system.  A  typical  film  frame  format  is  shown  on 
Figure  6.  2.  5,3.  The  digital  data  code  appears  on  the  left  and  the  technical 
information  to  be  displayed  on  the  viewing  screen  is  shown  on  the  right.  A 
single  light  source  is  used  for  projection.  The  digital  data,  however,  is  split 
off  and  projected  onto  a  photovoltaic  cell  bank  for  decoding.  The  various 
digital  codes  represent  choices,  addresses,  and  control  settings  for  the 
oscilloscope  and  digital  readout  unit.  The  complete  programming  of  the 
oscilloscope  and  digital  readout  unit  by  film  frame  data  permits  its  utilization 
by  persons  not  generally  familiar  with  test  equipment.  The  visual  information 
data  provides  typical  waveforms  for  operator  comparison.  Other  film  frames 
provide  diagnostic  routines,  detailed  LRU  information,  and  other  maintenance 
information.  For  additional  data  on  MADAR,  refer  to  Reference  41. 

6. 2.  6  EFFECTS  OF  NEW  CONCEPT  APPLICATIONS  IN  THE 

AIR  FORCE 

The  aforementioned  Air  Force  research  efforts  described  encompassed  studies 
dealing  with  the  effectiveness  of  improved  maintenance  information  presentation 
concepts.  The  following  paragraphs  briefly  summarize  the  reported  results 

of  introducing  these  recent  improved  maintenance  information  concepts  into 

> . 

specific  Air  Force  rhaintcnance  situations  or  environments. 

6.2.6.  1  Concepts  that  Reduced  Maintenance  Training  Time 

Folley  and  Munger  (reference  38)  describe  a  study  by  Hoekn  and  Aukes  that 
tested  the  effectiveness  of  a  new  troubleshooting  guide  for  an  electrit:al  system. 
The  major  findings  indicated  that  the  troubleshooting  ability  of  untrained  and 
trained  men  can  be  increased  by  improved  procedural  instructions.  A  study  by 
Hoehn  and  Wardell  (reference  38)  indicated  that  Air  Force  technicians  with  a 
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median  of  jfcven  months  experience  did  as  wen  as  technicians  with  a  median 
of  2 1  months  experience  when  both  used  a  new  troubleshoot. ng  guide.  The  less 
ejqjerienced  technicians,  using  the  new  guide,  employed  more  efficient  proce¬ 
dures  than  did  the  experienced  technicians,  with  conventional  technical  manuals 


One  concept  that  reduces  training  time  and  subsequent  maintenance  time, and 
is  now  employing  microfilm  presentation  devices,  is  Programmed  Instruction 
(PI).  Many  current  PI  courses  employ  the  printed  approach  but  the  advent 
of  low  cost  microfilm  systems  is  reducing  this  trend.  Reference  42 
describes  overall  Air  Force  Programmed  Instruction  developments  as  well 
as  specific  courses  employing  visual  display  units.  Reference  43  PI 
summary  report, released  by  the  Naval  Air  Technical  Training  Command, 
describes  a  large  number  of  military-oriented  PI  technical  papers.  This 
report  states  that  in  1968  Nav'y  Air  saved  over  235  man-years  in  training 
time  due  to  PI,  PI  is  mentioned  in  this  document  since  it  involves  training 
maintenance  manual  content  improvement.  Also,  in  the  future,  PI  techniques 
will  increasingly  employ  microformats  for  training  and  for  preseiting 
programmed  operation-maintenance  instructions  (See  paragraphs  4.  5.  7  thru 
4.  5.  7.  3). 


6.2. 6.2 


Effect  of  an  Air  Force  PIAIO  Program 


The  PIMO  study  results,  released  in  May  1969,  may  be  summarized  as 
follows.  Experienced  and  inexperienced  .Air  Force  technicians  performed 
maintenance  on  C-141A  aircrafli  using  PIMO  Job  Guides  presented  in  audio¬ 
visual  and  booklet  modes.  Performance  was  measured  in  terms  of  time  to 
perform  and  procedural  errors.  The  performance  was  compared  yith  the 
pei'fcrmance  on  the  same  jobs  by  a  control  group,  i.e. ,  e-xj^arienced  techni¬ 
cians  performing  in  the  normal  manner  (using  conventional  technical 
manuals).  The  following  conclusions  were  drawn  from  the  test  results: 
a)  after  initial  learning  trial.s,  both  experienced  and  inexperienced 
technicians,  using  PIMO  data  concepts;  can  perform  error-free  maintenance 
within  the  same  time  as  experienced  teclmlcians  performing  in  the  normal 
manner,  b)  inexperienced  technicians  perform  as  well  as  experienced 
technicians  when  both  use  PIMO  data  concepts.  Thus,  parts  of  the  PIMO 
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task-oriented  concept,  that  permit  more  rapid  utilization  of  maintenance 
personnel,  will  be  a  requirement  in  future  Air  Force  programs. 

6.  2.  6.  3  Effect  of  Slide/Tape  Program  Test 

The  Air  Force  tested  other  improved  maintenance  information  concepts, 
including  a  new  display  technique  using  taped  lectures /slides  versus  printed 
technical  manuals.  One  experiment  demonstrated  that  a  taped  lecture, with 
logic  flow  diagrams  on  slides  projected  directly  onto  the  control  panel  of  an 
electronic  console,  could  serve  both  as  a  job  performance  aid  and  teaching 
program  aid.  When  the  same  logic  diagrams  w-ere  employed  in  a  technical 
manual*  training/maintenance  time  was  longer  than  with  the  tape/slide 
program  (Reference  44  ). 

6. 2.  6.  4  Effect  of  Air  Force  SIMM  Tests 

The  Air  Force  also  tested  the  Navy  developed  SIMM  technical  manual 
concept  (paragraph  6.  3. 1)  as  a  classroom  teaching  aid, using  the  WILCOX  482 
TVOR  as  a  test  vehicle.  Another  Air  Force  SIMM  test  compared  SIMM 
manuals  with  conventional  technical  manuals  in  training  and  maintenance 
situations  for  the  AN/FPS-27  and  MA-1  systems.  These  largo  Air  Force 
tests  resulted  in  faster  maintenance  information  retrieval  and  troubleshooting 
response, as  shown  in  Figure  6.2. 6.  4.  The  PI.MO  Troublesliooting  Aid  (TS.A) 
tests  (partially  SIMM)  also  resulted  in  reduction  in  maintenance  time.  Thus, 
the  Air  Force,  in  limited  electronic/ground  communication  equipment  areas, 
is  moving  ahead  with  the  SIMM  approach  in  conjunction  with  Air  Force 
Project  /‘P49.  Wcstinghou.se  recently  received  an  updating  contract  for 
AN/FPS-27  SIMM  mi  nual^  and  Hughes  anticipates  an  updating  contract 
for  AN/FPS-27.  See  Hoeing  Docnmient  P2- 125568-1  for  additional  details 
on  the  Air  Force  SIMM  tests  and  a  detailed  bibliography  on  other  SIMM  tests 
and  applications.  Booing  Document  D2- 12  1371-1  shows  how  SIMM  may  be 
displayed  (in  future  programs)  via  variuu.s  35mm  roll  film  modc.s.  See 
References  45  and  46  for  additional  information  on  these  two  Boeing  study 
documents. 
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6.2. 6.  5 


Effect  of  MADAR  System  (Air  Force) 


The  MADAR  aircraft  integrated  data  system  approach  will  be  a  requirement 
in  future  large  aircraft  systems.  The  B-32II  is  being  used  as  a  test  bed 
for  a  new  airborne  integrated  data  system  developed  by  Garrett  AiResearch. 
This  new  system  will  monitor  considerable  more  data  points  than  done  in 
MADAR.  Additional  information  on  the  use  of  microformats  for  displaying 
computer-generated/controlled  maintenance  information  may  be  found  in 
section  7  of  this  document  where  Computer  Onto  Microfilm  (COM)  and 
magnetic  tape-to-microfilm  conversion  are  discussed. 

6. 2. 6.  6  Summary  Remarks  on  MADAR  System 

One  lesson  learned  in  the  MAD.4R  program  is  that  the  software  development 
program  is  often  greater  than  the  hardKvare  development  program.  Another 
lesson  learned  was  that  an  extensive  verification  program  must  be  planned 
early  and  instituted  to  evaluate  the  performance  of  the  "total’’  system  from 
signal  conditioning  input  to  the  16mm  maintenance  information  film  and 
computer  programming.  This  involved  individual  subsystem,  system  and 
total  integrated  verification  (ground  and  flight). 

MADAR  also  demonstrated  that  the  most  important  factor  behind  the  design 
of  any  large  automated  CRT/microfilm  maintenance  information  program  is 
the  system/operation-maintenance  analyses  including  extensive  failure 
effects  analyses.  These  involved  Design,  System,  Logistics  and  other 
Engineering  groups  (Reliability,  Safety,  Maintainability,  etc. ).  The  results 
of  these  exhaustive  analyses  resulted  in  the  definition  of  the  following; 

•  test  point  selection  and  assignment  for  automatic  or  manual  mode 
monitoring 

•  logic  diagrams  for  film  program  (manual  mode) 

•  computer  routines  (automatic  mode) 

•  determination  of  signal  conditioning  requirements 

•  test  procedures  for  ’’non-wired"  LRUs 
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Each  analysis  or  investigation  resulted  in  logic  diagrams  necessary  for 
preparation  of  the  film  program.  The  diagram  provided  test  point  selection 
priorities  for  specific  diagnostic  routines,  instrument  indications,  and  step-by- 
step  procedures  for  systematically  isolating  a  fault.  These  diagrams  were 
used  principally  by  the  manual  mode  but  were  also  applicable  to  the  automatic 
mode.  Trade-offs  resulted  in  a  ratio  of  2.  3:1  for  automatic -to-manual  test 
points. 

Approximately  1800  C-5A  LHUs  are  monitored  and  50%  of  these  do  not 
interface  electrically  with  the  MADAR  system.  Thus,  test  procedures  for 
"non-wired"  were  developed  since  many  faulty  LRUs  can  be  isolated 

by  clever  manipulation  of  existing  controls.  Straightforward  troubleshooting 
routines  were  prepared  which  followed  logical  sequences.  The  procedures 
were  placed  on  the  film  and,  therefore,  became  standard  procedures  which  can 
be  accomplished  by  persons  having  a  wide  variation  of  training /experience. 

Finally,  a  complex  multi -interface  system  like  MADAR  must  employ  a 
computerized  configuration  control  and  indexing  system.  Thus,  in  MADAR,  a 
significant  portion  of  the  computer  memory  was  accessible  by  keyboard  entry 
to  permit  limited  program  alteration  and  to  provide  a  means  to  input  data  for 
storage.  Operator  instructions  were  detailed  on  the  various  film  frames  of 
each  subsystem  investigated.  These  film  frames  were  accessible  to  the 
operator  by  depressing  the  appropriate  status  annunciator  pushbutton  and  selec¬ 
ting  the  desired  operation  from  the  index  appearing  on  the  viewing  screen. 
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6. 3  NAVY  STUDIES  AND  APPLICATIONS 

6.3.1  SIMM /DD  Maintenance  Information  Concepts 

The  Navy  has  pathflnded  many  new  technical  manual  presentation 
concepts.including  the  Symbolic  Integrated  Maintenance  Manual  (SIMM) 
Concept  which  is  evaluated  in  Boeing  document  Ifii- 123568-1  and  its  corcllory 
engineering  design  communications  discipline  called  Design  Disclosure  (OD). 
DD  formats  comprehensively  map  the  system /equipment  configurations  in  a 
concise  and  understandable  SIMM  manner  and  form  a  unified  scheme  for 
acquiring  the  basic  data  required  in  a  variety  of  engineering  and  logistics 
disciplines.  The  SIMM  maintenance  dependency  charts  (MDCs)  have  been 
proven,  in  field  tests  by  all  the  services,  to  be  an  improved  troubleshooting  ' 
media.  However,  they  are  difficult  and  expensive  to  create  after  the  design 
has  been  accomplished.  The  DD  concept  solves  this  problem  by  placing  the 
responsibility  for  developing  the  MDCs  (DD  Design  Outlines)  on  the  design 
and  system  engineer.  Ralph  DcPaul  of  Philco-Ford,  one  of  the  originators 
of  the  SIMM  concept,  recently  stated  that  Philco-Ford  has  perfected  a 
computerized  MDC  development  approach  in  their  System  Performance 
Analysis  Display  (SPAD)  concept.  For  additional  information  on  the  DD 
concept,  refer  to  Boeing  document  D2- 125771 -3  'Evaluation  of  Navy  Design 
Disclosure  (DD)  Concept  '.  For  additional  details  on  how  SIMM  may  be 
effectively  presented  via  microform  techniques,  refer  to  Boeing  document 
D2-121371-1,  "The  SIMM  Concept  and  Its  Future".  (References  47,  45  and  44) 

6.  3.  2  Head-Worn  Maintenance  Infoi'mation  Viewer 

The  Navy,  in  1964,  evaluated  a  laboratory  model  of  a  head-worn  film-strip 
viewer  which  was  synchronized  with  an  audio  tape  (head-gear)  system  as  a  , 
vehicle  for  presenting  programmed  information  for  maintenance  task 
performances  (Reference  48  ).  The  head-worn  device,  shown  in  Figure  6.3, 
was  a  light-weight  unit  holding  a  35mm  film  of  up  to  75  frames  and  had  a 
knob  for  advancing  and  rewinding  the  film.  An  accompanying  narrative 
was  obtained  from  an  audio  tape  source  connected  to  the  headgear  by 
cable.  Two  provisions  were  made  for  starting  the  audio.  The  film-advance 
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Figure  6.3.2  HEAD- WORN  DISPLAY  DEVICES 
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knob  closed  a  switch  momentarily  for  each  new  frame  brought  into  view 
or  a  pushbutton,  mounted  toward  the  lower  rear  of  the  film  barrel,  could 
be  used  to  start  the  audio.  In  use,  the  wearer's  environment  is  visible  to 
both  eyes  while  an  image  of  the  film  is  presented  to  one  eye  via  a  semi¬ 
transparent  mirrbr.  Attending  to  one  image  or  the  other  is  accomplished 
by  focusing  the  eyes  on  either  an  environmental  object  or  the  plane  of  the 
film  image.  The  device  v/as  used  in  the  laboratory  to  appraise  its  capability  in 
relation  to  certain  display  and  environmental  variables.  It  was  also 
compared  with  i  larger  audio-visual  device  whose  effectiveness  had  been 
previously  established. 

The  Navy  tests  concluded  that  the  head-worn  device  was  usable  under  a 
wide  range  of  viewing  conditions.  When  the  two  different  audio-visual 
devices  were  compared  as  aids  in  aligning  radar  display  equipment,  there 
was  no  significant  difference  in  alignment  time.  The  head-worn  device 
was  preferred  by  six  of  the  twelve  participants  in  the  study,  with  four 
preferring  the  larger  audio-visual  comparison  device  and  two  Expressing 
a  preference  for  printed  maintenance  technical  manuals.  The  results 
supported  the  feasibility  of  the  head-worn  device  for  performing  tasks, 
where  there  is  insufficient  space  for  larger  displays  and  where  operator 
mobility  is  a  requirement. 


6.3.3 


Head-Worn  Operation  Instruction  Viewers 


The  Navy  investigted  the  idea  of  helmet-mounted  operation  instruction  display 
units  over  15  years  ago  in  Project  Oversight  at  the  Naval  Research  Labora¬ 
tories.  The  unit  described  in  paragraph  6.  3.2  was  originally  conceived  by 
Hughes  Aircraft  for  the  Navy  and  was  called  "Electrocular".  This  audio¬ 
visual  unit  was  initially  a  visual  viewer  and  employed  a  head-worn  cathode- 
ray  tube  (CRT)  display  device.  The  CRT  was  1-lnch  in  diameter  and  the 
entire  unit  weighed  about  30  ounces.  Insufficient  brightness  and  resolution 
from  the  then  available  tubes, plius  the  bulky  and  weighty  helmet, slowed 
progress. 
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Extremely  lightweight  cathode  ray  tubes  no  more  than  1-inch 
in  diameter  and  with  improved  brightness  and  resolution  have  recently 
become  available.  The  military  services  are  now  testing  these  units. 

They  provide  a  simple  way  of  presenting  real-time  infrared,  radar  or 
low-light  television  imagery  to  flight  crewmen,  as  well  as  operation  and 
maintenance  instructions  to  others.  The  Bell  and  Hughes  Aircraft  units 
shown  on  Figure  6.  3.2  are  two  CRT-type  devices  being  tested.  Other 
units  have  been  developed  by  Autonetics,  Electro-Optical,  Honeywell, 
Perkin- Elmer  and  Texas  Instruments  (Reference  49  ). 

6.3.4 

An  experimental  locator  for  troubleshooting  a  radio  transceiver 
was  developed  and  evaluated  by  Rigney  and  associates  (References  50 
and  51  ).  The  fault  locator  was  a  small,  circular,  plastic  job  aid 

incorporating  circuit- front  panel  relationships  necessary  for  fault  local¬ 
ization.  The  technician  noted  malfunction  symptoms  during  the  checkout, 
entered  these  symptoms  on  the  aid,  and  looked  up  the  indicated  mal¬ 
functions  in  an  accompanying  manual. 

6.  3.  5  Forecast  Concept  (Navy  Application) 

The  Army  FORECAST  approach  (paragraph  6.  4.  3)  was  also  applied  and 
tested  in  the  Navy  environment  (Reference  52  ).  Following  a  FORECAST 
analysis  of  the  Long  Range  Navigation  (LORAN)  System,  a  technical 
manual  and  training  program  was  developed- containing  the  FORECAST 
techniques.  The  graduates  of  the  FORECAST  program  identified 
approximately  three  times  as  many  malfunctioning  parts  as  did  the  graduates 
of  conventional  training. 

6.  3.  6  Maintenance  Information  Automated  Retrieval  System 

(MIARS) 

The  growing  volume  problem  of  the  paper  technical  information  system 
required  to  support  maintenance  activities  in  the  Navy  (See  Figure  1.2. 1.2 
and  1.2. 1.2  ~1)  led  the  Navy  several  years  ago  to  initiate  a  technical 
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manual  improvement  program.  This  was  necessary  since  the  growing 
volume  had  caused  serious  management /user  problems  in  the  area  of 
storage,  file  integrity,  data  retrieval,  time  and  cost  to  update  and  time 
to  distribute  the  material. 

Navy  studies  were  made  of  all  types  and  combinations  of  equipment  for 
the  presentation  of  maintenance  data  such  as  audio  visual  presentation, 

TV  projection,  computer  storage  and  retrieval  and  automated  microfilm 
retrieval  which  offered  the  best  solution  to  the  problem. 

Next,  the  MIARS  Program  was  established  to  evaluate  and  develop 
proposed  microform  techniques,  operating  procedures  and  equipment 
requirements  for  Navy-wide  application  at  the  earliest  practical  date. 
(Reference  53  ).  The  MIARS  Program,  initiated  by  CNO  Instruction 
4790.  1  dated  October  1968,  promises  to  have  an  explosive  effect  on 
printed  military  technical  manuals  as  they  are  known  today  (Reference  54  ). 
MIARS,  which  stands  for  Maintenance  Information  Automated  Retrieval 
System,  is  a  program  or  group  of  programs  designed  to  transform  as  many 
hard  copy  technical  manuals  as  possible  into  microforms. 

Three  of  the  major  microfilm  systems  that  MIARS  has  tested  and  is 
evaluating  and  using  as  a  baseline  for  developing  official  military 
specifications  covering  technical  manual  microform  format  and  reader- 
printer /printer  requirements  have  been  described,  in  connection  with  the 
equipment  they  employed,  in  section  3  of  this  document.  In  the  forefront 
of  the  new  microfilm  system  designs*  are  airframe  manufacturers  who  have 
put  together  software  packages  for  storage  and  retrieval  of  microfilm 
technical  manuals  so  that  aircraft  can  be  maintained  with  such  systems. 

There  are  many  names  for  these  systems  and  they  all  have  similar  features. 
Three  of  these  are:  WSM.AC  or  (Weapons  Systems  Maintenance  Action 
Center), ( paragraph  3. 4. 3. 3 ),  a  special  NARF  designed  microfilm  storage 
and  retrieval  system  (paragraph  3. 4.4. 2. 1)  and  RAPIDS  or  (Rapids 
Automated  Problem  Identification  System)  (paragraph  3. 4. 4. 3. 2). 
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The  purpose  of  MIARS,  according  to  Commander  G.  E.  Bethune,  MIARS 
Task  Force  Director,  "is  to  improve  weapon  system  readiness  by  reducing 
the  percentage  of  NORM  time"  (Reference  2  ).  Figure  6.  3.  6  shows 
the  major  milestones  of  the  MIARS  Program  as  of  early  1969. 

6.  3.  7  Naval  Air  Documentation  Improvement  Plan 

The  Navy  Air  Systems  Command  has  established  the  Documentation 
Improvement  Program  (DIP)  in  accordance  with  NASC  letter  AIR -41 5,  dated 
15  December  1968.  The  goal  of  this  five  year  program,  scheduled  to 
start  later  this  year,  is  to  "provide  dramatic  improvement"  in  all  the  types 
of  documentation  needed  to  operate,  handle,  and  maintain  Naval  Air  weapons, 
weapon  systems  and  related  equipment.  This  comprehensive  R&D  program 
is  aimed  at  improving  "software"  support  via  (1)  employment  of  the  latest 
state-of-the-art  technology  and  (2)  employing  a  combined  alternative  actions 
approach. 

Seven  basic  types  of  documentation  support  are  being  addressed  by  this 
program.  Initially,  primary  attention  is  being  given  to  the  adequacy  of 
engineering  drawings  and  related  data,  technical  manuals  or  instructions, 
test  and  program  tapes,  and  technical  directives  to  maximize  the  benefits 
to  the  fleet  and  fleet  support  maintenance  activities. 

DIP*s  goal  is  to  insure  that  adequate  technical  documentation  is  in  the  user's 
possession  when  he  needs  it.  More  specifically,  DIP  seeks  to  obtain  more 
timely  and  useful  communications  between  the  "hardware"  design  engineer 
and  the  user,  to  minimize  the  quantity  of  information  being  provided  and/or 
provide  for  easier  storage  and  retrieval  of  delivered  information,  and  to 
insure  that  necessary  documentation  is  delivered  concurrent  with  "hardware" 
delivery. 

This  program  will  cover  documentation  improvements  In  many  areas 
outside  the  realm  of  microformats.  However,  the  MIARS  microfilm 
program  will  be  a  part  of  the  DIP  Program. 
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6.3.8  Other  Navy  Programs 

The  Navy  has  other  potential  maintenance  information  presentation 
development  concepts  and  studies  in  progress  such  as  EDMICS  (Engineering 
Data  Management  Information  Control  System),  TMMICS  (Technical  Manual 
Management  Information  Control  System),  and  the  Field  Change  Identification 
Guide  (FCIG)  program  that  used  the  ATS  (IBM)-PHOTON  system.  The 
TMMICS  concept  employs  a  new  maintenance  (technical  manual)  information 
categorizing  system  (Class  I  information  is  used  daily.  Class  II  -  infrequently 
and  Class  III  -  rarely  used)  that  controls  the  storage  and  retrieval  aspects 
of  this  multi-presentation  system  (Reference  54  ). 

6.  4  ARMY  STUDIES  AND  APPLICATIONS 

6.4.1 

The  Army  has  also  been  very  concerned  with  improving  the  efficiency 
of  maintenance  personnel  performance.  Hence,  many  of  its  study  efforts 
related  to  job  performance  aids  have  been  directed  toward  developing 
improved  maintenance  technical  manuals.  Several  major, technical  manual 
improvement  programs  in  recent  years  were  carried  out  by  the 
George  Washington  University's  Human  Resources  Research  Office 
(HumRRO)  operating  under  contract  with  the  Department  of  the  Army. 

6.  4. 2  MAINTRAIN  Project 

The  HumRRO  MAINTRAIN  Project  involved  the  development  of  a  maintenance 
manual  designed  to  permit  trained  technicians  to  troubleshoot  complex 
electronic  equipment  faster  and  more  accurately  (Reference  55  ).  An 
experimental  technical  manual  covering  troubleshooting  the  Nike  Ajax 
missile  system  and  its  test  equipment  was  evaluated  by  means  of  an  objective 
test  using  two  groups  of  inexperienced  technicians  to  locate  malfunctions  in 
the  system.  The  experimental  group  using  the  Improved  maintenance  manual 
accomplished  troubleshooting  substantially  faster  and  more  effectively  than 
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did  the  control  group  which  used  schematic  and  functional  diagrams  found 
in  the  conventional  technical  manuals. 

6.  4.  3  FORECAST  Project 

The  HumRRO  research, under  task  FORECAST, involved  related  efforts 
that  included  the  development  of  improved  training  methods  coupled  with 
improved  job  methods,  aids,  devices  and  data  forniats.  Conclusions  were 
drawn  relative  to  the  ’’total''  FORECAST  approach  rather  than  the 
•  effectiveness  of  individual  aids.  Major  products  included  a  series  of  trouble 
shooting  guides  for  isolating  system  malfunctions  based  upon  signal  flow 
information.  The  job  aids  enable  the  repairman  to  do  his  own  thinking, 
while  still  benefiting  from  the  deductions  made  by  experienced  systems 
analysts  who  had  structured  the  system  in  the  optimum  manner  for 
troubleshooting.  The  results  indicated  that  the  FORECAST  approach 
produces  technicians  in  approximately  60  percent  less  training  time  than 
that  required  with  conventional  techniques  (Reference  56  ). 

6.  4.  4  A-VIS  Project 

The  Army  Missile  Test  and  Evaluation  Directorate’  conducted  a  study  of 
the  effectiveness  of  a  new  Audio-Visual  Information  System  (A-VIS)  which 
was  compared  to  standard  technical  manuals  as  maintenance  job  aids 
(Reference  57  ).  The  A-VIS  presentation  equipment  evaluated  was  an 
experimental  device  which  employed  schematics,  block  diagrams  and 
printed  instructions  on  film  chips.  The  unit  contained  over  10,000  film 
chips  plus  80  hours  of  audio  instruction  stored  on  magnetic  mylar  tape. 
Selection  of  a  film  chip  was  initiated  by  punclung  out  a  code  number  on  a 
keyboard.  Visual  information  was  displayed  on  two  screens  (9  x  12  and 
12  X  24  inches)  which  could  be  used  concurrently  or  independently.  Audio 
information  was  also  accessed  via  the  control  console  using  an  eleven- 
bit  code  on  the  film  chip. 

The  study  evaluated  four  other  information  present.ntion  modes;  audio 
information  system  (.MS)  vvhicli  u.sod  the  audio  portion  of  A-VIS,  visual 
information  system  (VIS),  programmed  technical  manuals  (PTM)  in  which 
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all  of  the  A-VIS  information  was  presented  in  book  form^  and  technical 
manuals. 

The  results  tended  to  show  a  marked  superiority  of  the  visual  and  programmed 
technical  manual  modes,  with  conventional  technical  manuals  and  audiovisual 
presentations  scoring  low.  The  principal  contribution  to  the  superiority  of 
the  automated  modes  was  in  informational  content.  However,  the  contribution 
made  by  the  automatic  video  retrieval  system  was  significant,  and  enhanced 
the  value  of  the  data  programs.  Several  hypotheses  were  advanced  to  explain 
the  poor  showing  of  audio  presentation:  (1)  the  use  of  two  senses  simul¬ 
taneously  under  the  requirement  to  react  with  some  time  urgency  tends  to 
induce  a  measure  of  confusion;  (2)  audio  presentation  research  of  a  pertinent 
detail;  (3)  the  female  audio  voice  used  did  not  inspire  confidence  among  the 
technicians  (Reference  57  ). 

6. 4.  5  Army  Officer  Checklists 

A  suggested  format  for  a  handbook  was  developed  in  this  HumRRO  project 
covering  what  the  inexperienced  unit  officer  needs  to  know  about  electronic 
equipment  operational  and  system  checks.  It  concluded  that  while  existing 
manuals  and  directives  provide  helpful  guidance,  checklists  in  easily 
readable  form  are  needed  by  the  inexperienced  officer  who  is  expected  to 
perform  in  a  short  time.  These  checklists  should  enable  quick  and  easy 
access  at  job  location  and  should  emphasize  essential  knowledge  and  skills 
required. 

6.4.6  FLATTOP  Concept 

6.4.6.1 

The  ship,  the  USNS  CORPUS  CHRISTI  BAY,  is  the  Army's  first  and  only 
floating  aircraft  maintenance  facility  and  has  been  tagged  Project  FLATTOP. 
The  ship's  technical  data  library,  which  contains  more  than  1,350, 000 
documents  on  microfiln\  is  described  in  paragraph  3.  4. 3, 4. 
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6,  4. 7  Proposed  Sentinel/Safeguard  Maintenance  Data  System 

The  following  information  was  extracted  from  a  data  specification  for  the 
Sentinel  Weapon  System  by  the  Western  Electric  Company  (Reference  58  ). 


6.  4.  7. 1 


General  Description 


The  Maintenance  Data  System  (MDS)  is  a  ddta  and  hardware  subsystem  for 
the  operation  and  maintenance  of  the  proposed  Sentinel  Weapon  System*.  The 
hardware  consists  primarily  of  a  video  tape  subsystem  for  the  storage  and 
display  of  programmed  data.  Programmed  data  refers  to  the  organization 
of  the  operation  and  maintenance  information  required  for  each  task.  Proce¬ 
dural  data  in  the  form  of  operation  and  maintenance  information  is 
organized  into  a  complete  set  of  explicit  instructions  for  each  task. 

Support  data,  in  the  form  of  equipment-oriented  diagrams  derived  from 
equipment  engineering  drawings  and  technical  logistic  data,  is  referenced 
or  included  at  the  appropriate  place  in  the  maintenance  routines.  Programmec 
data  interfaces  with  and  supports  computer-'run  maintenance  diagnostics; 
and  fault  detection  and  location  indicators  of  the  Weapon  System. 

The  equipment  configuration  of  MDS  comprises  a  central  file  of  video 
tapes  and  disc  buffers  from  which  the  data  requested  is  presented  on 
mobile  cathode  ray  tube  display  units  (or  sections)  assigned  to  designated 
work  areas.  The  major  portion  of  MDS  data  is  prepared  for  display  by  the 
video  tape  subsystem.  However,  in  order  to  provide  complete  data 
coverage  in  all  areas  of  maintenance,  the  MDS  provides  MDS  data  frame 
printouts  for  maintenance  in  special  environmental  applications  (e.g. 
the  missile  launch  cell  and  other  areas). 
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6.  4.  7. 2  Video  Tape  Subsystem  (VTS) 

MDS  equipment  is  located  in  each  major  equipment  building.  In  each 
building,  there  is  a  central  file  of  data  that  is  displayed  on  mobile  data 
display  sections  in  the  work  areas.  Personnel  can  retrieve  desired  data 
from  the  central  file  via  a  keyboard  on  the  data  display.  All  information 
in  the  central  file  is  available  to  any  data  display  section  associated  with 
that  central  file.  The  content  of  the  on-site  central  files  is  controlled 
from  a  Central  Control  Point  to  assure  current  and  accurate  information. 
The  video  tape  subsystem  equipment  shown  in  Figure  6,  4.  7.2  represents 
the  basic  units  intended  for  a  Central  Control  Point  and  an  on-site  installa¬ 
tion. 

6.  4.  7.  3  Central  Control  Point  Equipment  Functions 

a.  Data  Input  Section  -  Converts  MDS  data,  in  the  form  of  keypunched 
35mm  microfilm  aperture  cards,  into  video  and  control  signals 
suitable  for  recording  on  magnetic  tape  and  displaying  on  a  cathode 
ray  viewing  screen  in. the  Data  Display  section.  The  section  consists 
of:  equipment  for  automatically  converting  the  keypunched  MDS 
retrieval  code  into  a  binary  signal  that  represents  the  frame  address 
of  the  film  image,  a  flying  spot  scanner  for  scanning  the  microfilm 
aperture  and  converting  the  Information  into  a  high  resolution  video 
signal  for  recording  on  magnetic  tape,  and  a  console  display  section 
for  verification  of  the  data  recorded.  A  teletypewriter  is  used  for 
addressing  the  system  control  section  and  for  printing  activity  logs. 

b.  System  Control  Section  -  Contains  the  master  logic  electronics 
which  performs  the  necessary  digital  and  digital -analog  conversion 
functions  for  control  of  the  tape,  tape  electronics,  buffer  and  filing 
electronics  sections. 
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c.  Tape  Section  -  Contains  video  tape  being  recorded  or  revised  for 

0 

distribution  to  sites. 

d.  Tape  Electronics  Section  -  Processes  and  distributes  video  from  the 
data  input  section  to  the  tape  section  and  from  the  tape  section  to 
the  buffer  section. 

e.  Buffer  and  Filing  Electronics  Sections  -  Provide  temporary  storage 
and  transmission  of  images  recorded  on  video  tape  of  the  tape 
sections  to  the  console  display  section  for  checking  and  for  quality 
control. 

6.  4.  7.  4  On-Site  Equipment  Functions 

a.  Tape  and  Tape  Electronics  Sections  -  Video  tape  sections  are  employed 
for  the  recording,  storage,  searching,  readout  and  replacement  of 
video  images  and  data  retrieval  codes  on  video  tape.  Each  tape  section 
contains  one  reel  of  magnetic  tape  that  has  a  minimum  storage  capacity 
of  44,  000  frames  of  data.  The  associated  electronics  section  contains 
units  for  video  routing,  servo  electronics,  and  sync-pulse  generation 
to  interface  the  various  equipment  sections  with  the  system  control 
section. 

b.  System  Control  Section  -  A  programmable  data  processor  contains  an 
8000  word  memory  and  stored  control  program  to  search  the  video 
tape  sections  and  buffer  for  the  address  corresponding  to  the  retrieval 
code  set  into  the  keyboard  at  any  of  the  display  sections,  the  filing 
section,  or  the  printer.  When  a  selection  is  made,  logic  circuitry 
determines  if  the  image  is  in  the  central  file  or  buffer.  In  the  event 

a  request  is  made  to  an  in-use  video  tape  section,  the  frame  address 
is  held  until  the  section  is  accessible  or  the  request  is  cancelled.  A 
teletypewriter  and  punched  paper  tape  reader  is  used  as  an  input/ 
output  communicator  with  the  system  control  section.  An  activity 
log  Is  automatically  maintained  to  show  the  retrieval  code  of  each 
frame  requested,  the  location  requesting  data,  the  security  classifi¬ 
cation  of  the  data,  and  whether  or  not  a  hardcopy  print  was  requested. 
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c.  Buffer  and  Buffer  Electronics  Section  -  One  buffer  section  and 
buffer  electronics  section  is  used  between  each  tape  section  and 
mobile  data  display  section.  Its  primary  purpose  is  to  temporarily 
store  the  requested  data  frame(s)  on  magnetic  discs,  for  display 

on  the  associated  mobile  data  display  section  for  as  long  as  required, 
leaving  the  central  tape  file  free  to  answer  other  requests.  Each 
buffer  section  has  a  maximum  capacity  of  22  5  frames  of  data. 

d.  Filing  Section  -  Used  to  load  the  buffer  sections  by  assembling  blocks 
of  related  maintenance  data  into  buffer  sections  to  support  specific 
maintenance  activities.  A  telety^  ewriter  is  used  for  addressing  the 
system  control  section  and  for  printing  activity  log.  Filing  section 
also  provides  for  making  requests  for  hardcopy  prints  from  the 
printer  section  and  for  viewing  data  on  the  console  display  section. 

e.  Filing  and  Printer  Buffer  and  Buffer  Electronics  Section  -  Contain 
’  ■  the  electronics  and  temporary  storage  for  data  frames  requested 

from  the  printer  section.  In  this  manner,  the  central  file  is  free  to 
answer  other  requests.  The  filing  and  printer  and  buffer  electronics 
sections  are  also  used  to  present  video  to  the  console  display  section 
at  the  filing  section  where  checks  are  made  on  the  data  being  printed, 

f.  Video  and  Control  Transmitter  Section  -  Contains  video  transmission 
line  distribution,  balancing  and  impedance  matching  circuitry  between 
buffer  section  and  video  and  control  receiver  station. 

g.  Mobile  Data  Display  Section  -  May  be  plugged  into  a  view  receptacle 
located  within  the  work  area.  The  video  display  is  presented  on  a 
11  by  17  inch  CRT.  A  keyboard  is  used  for  the  selection  and  display 
of  images  stored  in  the  central  file  or  associated  buffer  and  for 
operation  of  the  printer.  Lockout  circuitry  is  employed  to  prevent 
viewing  or  printout  of  clas.Hified  material  by  unauthorized  users. 

h.  Video  and  Control  Receiver  Section  -  Distributes  video  from  each 
buffer  to  the  appropriate  video  receptacles  in  the  various  work  areas. 
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i.  Printer  Section  -  Requests  for  11  x  17  inch  prints  are  initiated  from 
the  filing,  display  and  printer  sections.  Approximately  10  seconds 
are  required  to  make  a  copy. 

6. 4.  7.  5  Information  Retrieval  Process 

To  select  a  frame  of  MDS  data,  the  user  inserts  information  into  the  keyboard 
relative  to  the  data  requested.  For  example,  a  schematic  diagram  is  selected 
by  first  depressing  U,  then  the  part  number  of  the  unit,  SD,  and  the  required 
frame  number.  The  user  has  several  options  available  to  him.  He  may  choose  to 
display  the  data  on  the  display  section  or  request  a  hardcopy  print.  He  may 
also  want  to  hold  the  frame  for  recall.  Operating  the  hold-for -recall  pushbutton 
on  the  keyboard,  inserts  this  retrieval  word  into  a  hold  register,  freeing  the 
keyboard  to  retrieve  other  data.  After  viewing  other  frames  of  data,  he  may 
display  the  stored  schematic  by  depressing  a  recall  pushbutton.  This  action 
recalls  the  frame  previously  put  in  hold  and  displays  it  on  the  monitor. 

6. 4.  7.  6  Supporting  Technical  Manuals 

Supporting  technical  manuals  are  bound  publications  prepared  within  the  overall 
MDS  concept  for  use  in  specialized  applications  such  as  ^  ersonnel  training  and 
command  level  information.  They  are  prepared  in  a  format  similar  to  regular 
technical  manuals  and  do  not  normally  duplicate  infoi'mation  in  the  MDS  display 
subsystem.  The  following  are  typical  titles: 

•  Overall  Weapon  System  Description 

•  System  Program  Description 

6. 4. 7. 7  Comments  on  the  MDS  System 

The  MDS  systenvwith  its  centralized  computer  controlled  operation-maintenance 
information/data  banl^has  one  prime  and  distinct  advantage  over  existing 
niicrofilm  storage /retrieval  systems.  That  advantage  is  the  ease  and  speed  of 
updating  the  stored  data.  However,  this  advantage  can  be  nullified  by  the  GIGI 
(Garbage  In-Garbage  Out)  principle  I  It  was  not  possible  to  obtain  any  criteria 
on  the  planned  content  and  structure  of  the  operation-maintenance  information 
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proposed  for  the  MDS  computer -CRT  presentation  system.  Dr.  John  P.  ‘Foley^ 
of  the  Air  Force's  Human  Resources  Laboratory, stated  at  the  FAA's  Aircraft 
Maintenance  Symposium  on  9  December  1969  that  little  or  nothing  could  be 
expected  from  the  computer  presentation  of  maintenance  data  -  "unless  we 
greatly  improve  the  content  and  structure  of  most  current  maintenance  data. 
Computers  are  glamorous  but  not  magic!  A  computer  cannot  display  quality 
data  unless  we  humans  give  it  quality  material  to  display"  Reference  59). 
Thus,  specifications  that  carefully  control  the  format /structure  and  content 
of  the  operation-maintenance  "computer  input"  information,  based  on  proven 
human-engineering  precepts,  should  be  available  and/or  developed  before  select 
ing  a  costly  presentation  device. 

There  is  a  danger  in  selecting  the  device  first  and  then  constraining  the 
operation-maintenance  information  to  the  limitations  of  the  pre-selected 

* 

presentation  device.  The  use  of  keypunched  35mm  microfilm  aperture  cards 
(as  the  data'input  device),  which  were  used  to  convert  the  MDS  data  into  video 
and  control  signals  suitable  for  recording  on  magnetic  tape  for  display  on 
CRT,  appear  to  be  the  heart  of  this  system.  This  also  involves  other  costly 
scanning  and  CRT  verification  equipment.  It  is  felt  that  more  research  must 
be  conducted  relative  to  the  structure  and  content  of  a  large  "total"  operation- 
maintenance  information  system  such  as  would  be  required  for  an  ABM  system. 
Possibly,  a  microfilm  system  should  be  the  predecessor  of  a  complex 
mechanized  CRT  system.  It  could  also  serve  as  a  backup  system. 

Also,  thorough  maintenance  and  fault  analyses  must  be  initially  conducted  to 
determine  the  specific  "fault-fix"  maintenance  job  requirements.  The 
iforemchtioned  analyses  and  structure /content  criteria  should  be  prepared 
before  the  optimum  presentation  device  is  selected.  It  is  not  known  if  this 
was  done  in  the  SENTINEL  Program. 

6. 4. 7. 8  Recent  MDS  System  Changes 

Word  was  received  from  official  Army  channels  (after  this  document  was  in 
final  type)  that  the  proposed  MDS  system  described  in  the  above  paragraphs  is 
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being  changed,  in  the  new  SAFEGUARD  Program,  to  a  simpler  l6mm  roll  film 
cartridge  approach  employing  various  combinations  and  types  of  readers /reader 
printers.  However,  the  SENTINEL  MDS  descriptive  writeup  has  been  retained 
in  this  document  since  it  is  an  excellent  portrait  of  the  automated  operation- 
maintenance  information  presentation  system  (AOMIPS)  of  the  future!  This 
change  to  a  microfilm  system  is  of  interest  for  the  following  reasons: 

A.  In  designing  a  fully  automated  operation-maintenance  information 
presentation  system  for  a  large  complex  weapon  system,  one  should 
consider  a  simple  reliable  mechanical  backup  ope  ration -maintenance 
information  system!  Thus,  it  is  predicted  that  backup  microfilm 
information  systems  will  be  an  adjunct  to  the  computerized  CRT  -AOMIP 
systems  that  will  be  supporting  the  intricate  weapon  systems  of  the 
seventies.  (See  Section  7  for  additional  information  on  this  subject). 

B.  This  SAFEGUARD  ABM  design  change  is  of  great  significance,  since 
the  Army  has  now  joined  with  the  Navy  F-1  fighter  program  in  employing 
a  microfilmed  technical  manual  system  early  in  the  design  definition 
phase  of  a  large  weapon  system.  Thus,  the  SAFEGUARD  and  F-14 
microfilm  programs  should  be  carefully  monitored,  since  they  are  the  firs 
large  programs  that  are  designing  their  operation-maintenance 
information  requirements  around  a  microfilm  concept. 

6.5  SUMMARY  OF  OTHER  OPERATION-MAINTENANCE 

INFORMATION  PRESENTATION  STUDIES  AND 
APPLICATIONS 

This  section  was  limited  to  a  cursory  survey  of  recent  military  maintenance 
information  presentation  systems  and  applications  that  mainly  related  to 
microfilm  presentation  approaches.  Numerous  other  operation-maintenance 
information  presentation  studios  have  been  conducted.  Figure  6. 5  provides 
quick  reference  summary  charts  covering  over  thirty  presentation  concepts 
that  have  been  developed  primarily  for  the  military  services. 
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The  potential  payoffs  that  will  result  from  the  selective  usage  of  various 
portions  of  these  presentation  concepts  are  great!  Thus,  the  proposed 
Boeing  Logistics  Technology  Development  "multi -information  presentation" 
document  mentioned  in  paragraph  6. 1  should  prove  useful  in  selecting  the 
maintenance  information  presentation  development  concepts,  criteria  and 
data  best  suited  to  support  the  many  and  varied  systems/equipment  and 
operation-maintenance  levels  that  currently  exist.  Too  much  time  already 
has  been  lost  trying  to  find  the  "best  single  cure-all"  approach. 
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7.0 

7. 1 

All  types  of  microforms  suitable  for  reducing  the  bulk  of  the  current 
printed  technical  manual  systemshave  been  investigated.  Equipment 
suitable  for  the  storage  and  dissemination  of  technical  manual  information 
at  the  point  of  use  has  been  examined.  Airline  technical  manual  micro¬ 
film  applications  have  been  reviewed.  The  results  of  recent  military 
operation- maintenance  information  storage  and  presentation  studies  and 
applications  also  have  been  reviewed  and  critiqued. 

The  study  was  limited  primarily  to  microfilm  systems /equipment  ■ 
employing  mechanical  retrieval  systems.  The  goal  was  to  find  presen¬ 
tation  system/ equipment  that  would  result  in  improving  the  existing 
printed  technical  manual  system.  The  following  basic  printed  technical 
manual  system  problems,  recently  enumerated  by  the  DoD  and  the 
military  (Reference  63),  were  constantly  kept  in  the  forefront  in  seeking 
a  solution  to  the  problem-. 

•  .  "The  technical  manual  system  has  continuously  grown  throughout  the 
past  years  due  to  the  increased  complexity  of  our  weapon 
systems.  The  libraries  have  become  bulky,  contain  numerous 
volumes,  and  the  use  of  cross  references  makes  the  data 
difficult  to  interpret  and  even  more  difficult  to  use. 

*.  Shipment  of  basic  technical  manuals  and  all  changes,  which 
must  be  collated  into  the  manual  by  the  user,  present  a 
tremendous  task  when  large  quantities  of  manuals  arc  received 
by  the  user  activity.  "  -  DoD/ Military  Ad  Hoc  Group,  May  1969 

7.2  CONCLUSIONS 

7.2.1  Conclusions  Relative  to  Basic  Objectives 

Two  basic  technical  manual  microfilm  storage  and  retrieval  system 
objectives  were  established.  The  first  objective  was  to  achieve  a  large 
reduction  in  the  amount  of  space  required  to  store  the  technical  manual 


SHEET  235 

V »  4*a;  1444  « r  V . 


CONCLUSIONS 

INTRODUCTION 


use  FOR  TVPeWHI  material  only 


TUC  jaaiEiAfc  COMI»ANV 


NUMBER  D2- 125717-3 
REV  LTR 


collection.  The  maintenance  information  microfilming  studies, 
tests  and  applications  reviewed  all  achieved  a  92  to  98  percent 
reduction  in  the  amount  of  space  needed  for  printed  technical  manual 
storage.  The  second  objective  was  to  establish  a  storage  record  of 
optimum  size,  shape,  and  storage  density  that  could  be  handled 
rapidly  and  inexpensively  by  machines  for  retrieval  and  dissemination 
of  the  desired  information.  The  study  proved  that  microfilm  systems 
represent  the  most  reliable  and  cost-effective  means  currently  available 
for  this  established  purpose. 

7.2,2  Basic  Conclusions 

Other  conclusions  reached  are  as  follows; 

a.  The  use  of  mechanical  microfilm  presentation  devices  result 
in  a  reduction  in  maintenance  time  (in  most  applications)  and 
enhance  the  usability,  integrity  and  timeliness  of  the  technical 
manual  maintenance  information. 

b.  Satisfactory  readers  and  reader-printers  are  available  for  line, 
shop  and  depot  usage.  The  military  services  are  establishing 
firm  requirements  (criteria)  for  microfiche  and  16mm  readers 
and  reader-printers  that  will  result  in  standardized  militarized 
models . 

c.  Satisfactory  portable  microfiche  readers  and  reader-printers 
suitable  for  rugged  field  usage  will  soon  be  available. 

d.  Satisfactory  militarized  automated  retrieval  systems,  and  automated 
integrated  reader-printers  are  being  tested  and  will  be  available 
Soon  for  military  usage. 

e.  The  following  improvements  and  benefits,  apart  from  the  bulk 
reduction  advantage,  result  from  employment  of  microfilm 
technical  manual  systems: 
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1. 

Guarantees  the  completeness,  uniformity  and  integrity 

of  all  technical  manual  data  at  all  locations.  This  valuable 

file  integrity  consideration  means  material  cannot  be  removed 

from  a  manual  on  microfilm. 

2, 

Retrieval  time  for  maintenance  information  on  microfilm  is 

less  than  for  publications  on  papers. 

3. 

Definitely  reduce  chance  for  error  in  making  technical  manual 
corrections  as  it  reduces  responsibility  for  revisions  and 
completeness  of  data  from  the  bases  and  line  stations  to  one 
location  -  the  main  distributing  base. 

4. 

It  frees  technicians,  inspectors,  etc.  from  making  hand  notes 

>- 

•J 

z 

on  technical  manual  information  and  data  or  from  making 

o 

< 

frequent  trips  to  manual  racks  for  additional  information 

ttJ 

Microfilm  reader-printers  and  the  technical  manual  microfilm 

-< 

library  can  be  moved  on  rolling  stands  to  the  vicinity  of  the 

(  * 

maintenance  activity. 

» 

IL* 

fl. 

5. 

Duplicate  sets  of  the  technical  manual  microfilm  data  can  be 

► 

K 

o; 

produced  rapidly.  The  ability  to  print-out  detailed  procedures 

o 

tk 

Ul 

and  take  them  to  the  job  can  not  be  overemphasized. 

■  -.1 

a  ■ 

6. 

Lapsed  time  from  inception  to  use  is  greatly  reduced. 

7. 

Work  forms,  required  inspection  forms,  etc.  reduced  to 
microfilm  preclude  the  necessity  of  printing,  distributing  and 
warehousing  these  items.  '  .  V 

Thus,  the  employment  of  the  new  display  equifjment  and  microformatted 
information  systems  will  alleviate  many  of  the  current  printed  technical 
manual  storage,  file  integrity,  retrieval  time,  updating,  and  distribution 
problems.  The  first  benefit  alone  is  considered  by  many  in  the  military 
and  industry  to  be  as  important  as  the  economics  involved.  (Pai'agraphs 

l( 

3. 4. 4.2. 

land  5. 6.  4). 
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f.  The  microfilming  of  existing  printed  technical  manuals  is  a  step 

in  the  right  direction  but  this  is  only  a  partial  answer  to  the  current 
maintenance  information  presentation  problem, 

g.  An  overhaul  of  the  existing  technical  manual  system  requirements 
is  needed,  including  improved  fault  isolation,  procedures,  content, 
format  and  indexing  concepts. 

hj  This  overhauling  should  be  done  during  1970  so  that  job- oriented 
"fault-fix"  maintenance  information  presentation  systems  tailored 
to  standardized  and  proven  microfilm  equipment  will  be  available 
to  support  the  complex  systems  of  the  1970s. 

i.  Microfilm  operation- maintenance  information  system  applications 
must  be  integrated  early  into  the  overall  contractor/customer 
maintenance  support  concept/ requirements  for  the  particular 
system/ equipment  under  development.  This  is  mandatory  since 
microfilm  presentation  systems  must  be  part  of  the  overall 
maintenance  concept. 

7. 2 . 3  Conclusions  Relative  to  DoD/ Military  Objectives 

The  following  criteria  has  been  established  by  the  DoD/Military  Ad  Hoc 

Committee  for  technical  manual /information  systems: 

"A  Technical  Informational  System,  in  order  to  be  adequate,  must  have 

the  following  objectives: 

a.  Capable  of  significantly  reducing  equipment  downtime. 

b.  Reduce  amount  of  material  required. 

c.  Simplify  instructions. 

d.  Provide  rapid  access  to  data, 

e.  Expedite  distribution  of  data. 

1  f,  Minimize  technical  and  clerical  support. 

g.  Facilitate  control  and  distribution  of  change  Information. 
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h.  Minimize  cost  of  distributing  publications. 

i.  Usable  under  all  environmental  conditions, 

-  DoD/Military  Ad  Hoc  Group  (Reference  63) 

This  study  concludes  that  recent  technical  manual  microfilm  systems/ 
equipment  (MICROM,  etc)  tested  by  the  military  services  meet  all 
of  the  above  criteria  except  for  items  "c"  and  "i”.  The  last  item  ("i") 
soon. will  be  met  when  the  new  militarized  field-tested  reader-printers 
are  available.  Item  ''c",  "simplify  instructions",  can  be  easily  met  if 
the  technical  manual  form  at /content  flexibility  potential  of  microfiche, 
as  explained  in  Appendix  A,  is  exploited!  Format  flexibility  is  one 
of  the  greatest  advantages  inherent  in  a  microfilmed  technical  manual 
system.  This  is  especially  true  of  systems  employing  task-oriented 
procedures  (such  as  the  PIMO  Program)  which  require  considerable 
more  pages  than  conventional  systems.  The  task-oriented  procedures 
require  more  illustrations  and  less  text  per  page  and,  as  a  result, 
more  pages,  but  this  is  no  problem  in  a  microfilm  system.  The  PIMO 
"booklet"  approach  required  over  four  times  as  many  individual 
technical  manuals  (in  comparison  to  conventional  MIL- M -2 5098  manuals). 
Tboubleshooting  charts  (used  in  PIMO)  present  no  usage  problem  if  they  are 
microfilmed.  Appendix  "A"  describes  the  vast  potential  in  arranging 
horizontally  and  vertically  various  kinds  of  maintenance  information  on 
microfiche.  Anyone  familiar  with  technical  manual  layout  will  be 
intrigued,  as  was  the  U.  S.  Army,  with  the  layout  and  other  potential 
inherent  in  microfiche.  This  study  concludes  that  all  of  the  nine 
"Technical  Information  System"  objectives  cited  above  can  be  met  with 
microfilm  equipment  that  will  be  available  in  1970. 

7.2.  4  Human  Factor  Conclusions 

One  item  not  mentioned  in  the  aforementioned  DoD/Military  criteria  is 
acceptance  by  the  user.  Many  of  the  objections  to  microfilm  approaches 
in  past  years  concerned  user  acceptance  relative  to  the  limitations  of 
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human  vision  and  the  inadequacies  of  human  memory  and  comprehension. 

The  vision  limitations  have  been  to  a  large  extent,  corrected  by 
brighter,  clearer,  larger  and  shaded  (non-reflective)  viewing  screens 
that  have  resulted  from  improved  optical  systems.  The  incorporation 
of  newly  developed  zoom  lens  and  the  dual  magnification 
option  (a  2X.  or  greater  enlargement  of  the  actual  8  1/2  x  11-inch  page 
size  shown  on  the  screen),  enables  the  technician  to  scrutinize  any 
portion  of  a  complex  diagram  or  chart. 

The  second  human  factor  -  the  inadequacies  of  human  memory  (short 
term)  and  comprehension,  can  be  largely  overcome  by  redesigning  or 
"repackaging"  the  current  printed  technical  manual/page  content  and 
format.  Also,  the  new  dual  screen  readers  permit  the  comparison  of 
the  text  on  one  frame  (page)  with  an  illustration  or  chart  on  another 
frame.  Many  of  the  problems  associated  with  past  microfilm  presen¬ 
tation  system  applications  were  due  to  the  employment  of  microfilmed 
technical  manual  pages  in  toto. 

The  human  engineering  elements.  Including  "how"  the  maintenance 
information  will  be  used,  must  be  considered  in  every  technical  manual 
microfilm  system!  This  study  concludes  that  this  problem  is 
surmountable  if  the  proper  viewing  equipment  is  selected  and  the 
content /format  of  the  information  is  tailored  to  the  equipment /user  needs 
The  current  printed  maintenance  information  must  be  compressed  and 
rearranged  so  that  each  page  is  self  sufficient  for  the  task  being 
performed.  Cross  references  to  other  frames  (pages)  must  be 
curtailed  and  maximum  use  must  be  made  of  vast  storage  capability  of 
microfllm, 

7.2.5  Microfiche /Roll  Film  Conclusions 

Finally,  this  study  concludes  that  microfiche  and  microfiche  Jacket 
systems  have  the  greatest  immediate  technical  manual  potential.  It 
is  recognized  that  the  Navy  MIARS  program  with  WSMAC,  RAPIl^, 
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F-14  and  the  NARF/JAX  systems  use  16mm  roll  film.  The  PIMO 

» 

an  \  MDS  (SAFEGUARD)  systems  also  employ  16mm  roll  film.  Most 
of  the  major  airlines  also  use  roll  film  systems  but  in  the  past 
year  a  trend  towards  microfiche  (and  jackets)  has  been  developing 
(paragraph  4.  5). 

Microfiche  was  selected  as  the  best  media  for  maintenance  information 
presentation  systems  due  to  its  flexibility,  and  the  fact  that  it  is 
rapidly  becoming  the  national  and  international  microfilm  standard.  Also, 
simple,  low-cost  and  easy-to-maintain  microfiche  (and  jacket)  readers  (in¬ 
cluding  portables)  are  being  employed  in  increasing  numbers  in 
military,  industrial  and  educational  circles.  Microfiche  and  microfiche 
jacket  systems  also  have  a  cost  advantage  over  other  microfilm  systems^ 
according  to  U.  S.  Army  studies  (Reference  23).  They  cost  less,  than 
other  microforms  when  used  in  information  storage  systems  involving 
a  modular  approach  (technical  manuals  are  modular  in  that  they  are 
tailored  to  systems, equipment,  tasks  and  other  categories),  with  each 
module  containing  less  than  200  pages.  Individual  technical  manuals, 
on  the  average,  contain  less  than  100  pages.  The  lower  cost  microfiche 
factor  is  also  applicable  to  systems  that  require  frequent  updating  and  not 
a  large  number  of  dissemination  points  (also  characteristic  of  technical  ^ 
manual  systems).  The  jacket  approach  permits  lew  cost  and  rapid  updating 
of  various  frame  sizes  (16  or  35mm  or  other  sizes  as  shown  in  Figure  A-1). 
This  permits  double  size,  fold-out,  10-foot  wiring  diagrams,  "D"  size 
drawings, and  even  colored  SIMM  pages, to  be  included  on  a  single 
microfiche.  No  other  microformat  has  the  flexibility  of  microfiche 
jackets!  These  are  the  main  reasons,  this  study  concludes,  that 
microHche  has  the  greatest  future  potential  for  technical  manual  applications. 
For  other  micronche/jacket  advantages,  refer  to  Appendix  '•B”,  Figure 
4. 6. 2. 1  and  paragraphs  4.  5. 2,  4.  5. 3  and  4. 6. 
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APPENDIX  A 

A-0.  MICROFICHE  TECHNICAL  MANUAL  FORMAT 

CONSIDERATIONS 

A-l.  GENERAL  MICROFICHE  LAYOUT  INFORMATION 

Many  of  the  current  technical  manual  microfiche  applications  (including 
all  of  the  airline  applications  described  in  Section  5)  have  simply  micro¬ 
filmed  the  standard  printed-technical  manuals  in  the  existing  page  number 
sequence  without  making  any  format  changes.  The  microfiche  is  read 
in  the  reader  from  left  to  right  and  from  the  top  to  the  bottom  of  the  fiche 
as  in  a  conventional  book.  The  standard  National  Microfilm  Association 
(NMA)  microfiche  used  in  the  U.  S.  Army  Microm  program,  and  in  other 
military  and  commercial  programs  described  in  this  document,  has  98 
available  frames  and  the  first  top  left  frame  (A-l)  usually  contains  a  table 
of  contents  keyel  to  the  frame  numbers.  One  frame  represents  a  standard 
8  1/2  X  11 -inch  technical  manual  page.  The  physical  size  of  the  microfiche 
and  the  size  and  location  of  each  frame  are  fixed  by  NMA  standard  specifi¬ 
cation  M- 1-1966.  A  fixed  format  is  necessary  for  production  and  user 
compatibility  with  existing  commercial  equipment.  The  microfiche  readers 
and  filming  equipment  are  calibrated  for  the  correct  placement  of  each 
frame  on  the  microfiche.  Each  of  the  98  fixed  frames  has  an  identifier. 

The  first  frame  in  the  upper  left  is  Al,  the  last  frame  in  the  lower  right  is 
GH,  etc.  as  shavn  in  Figure  A-l  (top  illustration).  However,  this  fixed 
format  does  not  limit  tlie  technical  manual  writer  or  editor  from  using 
multiples  of  the  microfiche  frame  units,  as  shown  in  the  top  Illustration  ‘ 
on  Figure  A- 1.  A  two  page  foldout  would  occupy  two  frames.  A  20  x  30- 
Inch  sheet  would  occupy  4  frames.  A  10-foot  schematic  diagram  would 
occupy  a  complete  row  of  14  frames. 
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A-2.  MICROFICHE  HEADER  ' 

The  top  row  of  the  microfiche  is  called  the  header.  It's  reserved  for 
the  title,  number,  security  classification,  and  other  information  necessary 
for  positive  identification  of  the  microfiche.  The  number  assigned  to  the 
microfiche  should  be  placed  in  the  upper  right  corner  of  the  header,  the 
teclinical  manual  or  document  number  is  placed  on  the  upper  left  corner 
of  the  header  as  shown  below; 


The  marking  for  the  highest  security  classification  is  placed  in  the  top 
center  of  the  header.  Each  frame  containing  classified  information  has 
its  highest  security  classification  stamped  on  the  material  before  it  is 
filmed,  so  these  markings  would  be  in  micro-size.  The  Espionage  Law 
statement,and  downgrading  information,should  be  placed  in  frame  Al, 
preceding  the  index.  Classified  fiche  should  have  a  silk-screened  blue 
border  4mm  wide. 

For  multi-sheet  microfiche,  the  headers  are  identical  except  for  sheet 
numbers.  However,  each  sheet  begins  with  frame  Al  because  viewing 
equipment  is  labeled  A  through  G.  Cross-referencing  within  a  multi- 
sheet  microfiche  is  by  microfilm  number  (MFL  sheet,  .  and  frame 
identifier.  For  example,  the  first  frame  in  sheet  2  of  microfiche  8  is 
frame  8-2 Al. 
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A-3.  VERTICAL  MICROFICHE  LAYOUTS 

Vertical  layouts  are  shown  in  the  bottom  illusti-ation  on  Figure  A-1.  The 
Army  (MICROM  Program)  found  that  a  vortical  format  was  suitable  for 
Field  Level  type  manuals  used  for  checkout  of  missile  components  in  the 
electronic  repair  vans.  These  manuals  averaged  around  75  pages.  Most 
of  the  technical  data  in  tlicse  manuals  supplemented  the  manual  procedures 
the  technicians  followed  in  the  initial  checkout  and  troubleshooting  of  the 
chassis. 

The  layout  and  indexing  concept,  the  Army  employed  for  these  van 
"microfiche  manuals  '  was  systematic  and  can  be  applied  to  other  technical 
manual  microfiche  programs.  First,  the  Army  placed  the  step-by-step 
procedures  in  one  vortical  column,as  shown  in  Figure  A-1.  Then,  they 
arranged  the  supplemental  procedures  and  data  in  the  row  at  which  they 
supplement  a  particular  stop  of  the  procedures.  For  example,  if  a  100- 
step  procedure  filled  the  7  frames  of  column  3,  the  procedures  would  bo 
sequential  from  top  to  bottom.  If  the  technician  ran  into  a  faulty  indication 
in  step  50,  row  D  would  contain  the  troubleshooting  procedures,  schematic 
diagram  of  the  cii'cuit  being  tested,  applicable  theory,  exploded  view  • 

illustration,  repair  instructions,  and  I’epair  parts  informatioiT,  If  pre¬ 
test  instructions  and  diagrams  were  needed  for  any  of  these  steps,  they 
would  be  placed  in  column  1  and  2. 

If  the  supplemental  data  exceeded  11  framc.s  for  a  particular  step  of  the 
procedure,  tlie  .Army  had  two  options.  They  could  place  tlie  12th  frame 
of  data  in  any  unu.sed  frame  on  the  microfiche  and  reference  it  ,  oi’  use 
a  horizontal  format, as  described  below.  Note  that  not  every  frame  is 
filled  when  using  a  vertical  layout.  Also,  not  every  group  of  steps  will 
have  11  frames  of  suii[)lemental  data. 
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HORIZONTAL  MICROFICHE  LAYOUTS 

If  the  procedures  averaged  10  to  12  pages  and  the  supplemental  data 
exceeded  11  pages,  the  Army  used  a  horizontal  layout  in  which  the  procedures 
were  arranged  sequentially  from  left  to  right,  as  shown  in  Figure  A-4.  The 
supplemental  data  was  arranged  in  two  groups,  one  group  above  and  the  other 
below  the  procedures,  or  all  supplemental  data  was  arranged  in  one  group 
below  the  procedures. 

A-5.  OVERSIZED  SCHEMATIC  MICROFICHE 

LAYOUTS 

Extra-long  and  extra-wide  illustrations,  which  are  usually  schematic 
diagrams,  present  unique  problems  in  layout.  The  first  goal  is  to  use 
the  original  schematic  without  redrawing  it.  If  the  schematic  is  12  x  100- 
inches,  it  would  be  filmed  with  a  flow  camera  as  a  whole  and  stripped  into 
the  appropriate  row  of  the  fiche, as  shown  in  Figure  A- 4.  The  procedures 
would  bo  placed  above  and  below  row  D.  Usually  the  procedures  are  written 
around  specific  input  and  output  points  on  the  schematics  and  are  so  placed 
on  the  microfiche.  If  the  technician  encounters  an  abnormal  indication, 
most  of  the  data  he  needs  is  in  one  column. 

Extra-wide  illustrations  are  handled  in  the  same  way.  The  extra- wide 
diagrams  are  photograplied  witli  a  35mm  camera  and  stripped  into  the 
appropriate  frames  on  tlie  microfichi^  as  shown  in  Figure  A-1.  I. 

A-6.  OTHER  MICROFICHE  F'OHMA  l' CONSIDERATIOXf 

A-Gil  Microfiche  Layout  Planning  Sheet 

Figure  A-6.  1  shows  a  typical  microfiche  layout  siieot  tiiat  could  be  used 
by  the  tcclinical  writer  or  editor  in  planning  his  microficlie  layout.  The 
use  of  vertical,  horizontal,  and  other  layouts  previously  de.scribcd  would  be 
determined  by  publications  planners  in  the  early  pliase.s  of  the  program, using 
similar  layout  sheets.  Tiic  final  use  of  these  layout  slieets  would  be  by 
illustration  layout  personnel  who  would  use  the  final  text  and  illustrations 
to  ''(lummy"  the  tcclinical  manual  firlie(s).  Tlu'se  layout  slieet.s  would  .also 
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be  used  by  the  microfiche  camera  operators  who  must  know  the  sequence 
in  which  to  film  the  pages,  and  by  the  strip-in  operator  who  puts  together 
the  final  master  fiche{s). 

The  16mm  camera  operator  films  one  row  of  frames  (pages)  at  a  time, 
normally  from  left  to  right,  with  blank  frames  internally  as  required  by 
the  layout  sheet,  and  with  a  few  blank  frames  at  the  ends  of  rows  to  allow 
for  binding  the  edges  of  the  master  fiche.  The  35mm  camera  operator  films 
two  rows  of  frames  at  a  time.  One  exposure  on  the  planetary  camera  contains 
eight  frames  of  the  microfiche.  For  example,  the  camera  operator  places 
frames  (pages)  A1  through  A4  and  B1  through  B4  on  the  copyboard  for  the 
first  exposure.  Eight  standard  technical  manual  pages  can  be  photographed  as 
a  whole. 

A-6.2  Microfiche  Frame  (Page)  Numbering 

In  a  large  technical  manual  program,  cameras  that  automatically  identify 

each  frame  (page)  should  be  used.  This  page  identification  should  employ 

a  large  white-on-black  number  similar  to  the  page  identifier  shown  on  the 

bottom  of  this  page.  If  an  automatic  page  identifier  microfilm  camera  is 

not  used,  then  adhesive-backed  sheets  of  frame  (page)  identifiers  (white- on-  , 

black)  should  be  made  by  the  illustration  group.  The  illustration  group 

would  paste  these  large  size  alpha-numeric  frame  (page)  numbers  on  the 

paste-up  pages,  in  accordance  with  the  microfiche  layout  sheet  instructions. 

These  large  size  frame  (page)  identifiers  are  necessary  for  filming  and 
maintaining  file  copies  of  the  original-material.  They  also  must  be  used  by  the 
operator  in  locating  a  particular  image  to  be  viewed  on  the  screen.  The  frame 
identifier  appears  in  the  bottom  center  of  the  reader  screen.  It  would  be 
obvious  to  the  user  as  to  which  direction  to  dial  if  he  were  viewing  frame  Al, 
and  the  text  referenced  him  to  frame  A 12. 
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Microfiche  Cross-Referencing 


Cross-referencing  within  a  given  microfiche,  should  be  by  frame  identifier 
rather  than  page  number,  i.  e. ,  A2.  Figure  and  paragraph  numbers  should 
precede  the  frame  number,  i.e.,  "Figure  2,  A2  or  Paragraph  7.2,  B3  . 

The  microfiche  number  should  be  used  when  referencing  to  another  micro¬ 
fiche  in' the  technical  manual  microfiche  series,  i.e.  MF8.  Normally,  the 
frame  identifier  is  not  included  in  the  reference.  If  the  identifier  must  be 
used,  place  it  following  the  microfiche  number  with  no  space  separation, 
i.e. ,  MF8C3.  The  index  prepared  for  frame  A1  of  each  microfiche  should 
list  the  appropriate  paragraph,  table,  figure,  and  frame  identifier. 

References  to  othe  '  technical  manuals  or  even  to  other  microfiche  manuals 
can  be  held  to  a  minimum  because  of  the  low  cost  of  placing  technical  manual 
information  on  microfiche.  The  referenced  material  should  be  duplicated 
and  placed  in  the  microfiche  at  the  point  of  the  reference.  For  example, 
rather  than  refer  to  a  75-page  nianual  covering  a  small  test  set  for  3  pages 
of  operating  instructions  (needed  for  the  microfiche  procedure),  the  3  pages 
should  be  duplicated  in  the  appropriate  frames.  Before  filming,  a  mast 
should  be  placed  around  the  referenced  material,  similar  to  the  one  shown 
below.  These  masks  can  be  made  up  in  standard  sizes.  The  border  will 
appear  on  the  viewer  screen,  so  that  the  user  v.’ill  know  that  these  pages 
were  duplicated  from  some  other  manual. 
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Microfiche  "Reference"  Technical  Manual 


The  volume  of  referenced  material  should  determine  the  most  appropriate 
method  of  layout.  If  large  quantities  of  reference  information  (text  and 
illustrations)  are  required  for  a  given  program,  all  the  reference  material 
(from  numerous  manual  sources)  could  be  placed  on  separate  microfiche(s) 
with  a  special  color  coded  header(s)  and  providedanMF  (system)  number. 
Ther^  all  other  microfiche  would  reference  it  by  number.  In  this  case, the 
mask  would  not  be  needed.  However,  in  general,  the  reference  material 
should  be  integrated  into  the  microfiche  to  avoid  excessive  referencing. 


A-6.  5 


Microfiche  Last  Frame  Information 


The  following  information  is  usually  provided  on  the  last  recorded  frame 
(page)  of  each  microfiche. 

•  End  or  continued,  whichever  applies 

•  Date  filmed 

•  NBS  1010  Microcopy  Resolution  Test  Chart 


A-7  TECHNICAL  MANUAL/INDIVTDUAL 

MICROFICHE  CODING 

The  problem  of  identifying  the  correct  microform(s)  for  a  given  maintenance 
task  at  the  point  of  use  was  discussed  in  Section  3  where  the  advantages  of 
16/35mm  closed  loop  and  cartridge  systems  were  emphasized.  In  the  t6mm 
systems, up  to  2, 600  pages  are  stored  in  a  single  container  and  individual 
frames  can  be  retrieved  automatically  for  viewing  in  a  reader.  In  a 
microfiche  system, only  98  frames  (at  the  most)  can  be  placed  on  an 
individual  fiche.  Thus,  each  individual  microfiche  must  be  numerically 
(on  microfiche  header  -  paragraph  A-2),  color  and/or  physically  coded  for 
quick  and  accurate  retrieval  a.s  follows: 
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Numerical  (Header)  Coding  -  The  top  row  of  the  microfiche  called  the 
header  contains  the  technical  manual  number,  title  and  classification  that 
is  eye-legible  when  the  microfiche  is  stored  in  a  tray,  and  magnetic  file  or 
"Acme  Visible"  rack.  The  Acme  files  that  are  used  by  the  airlines 
(paragraph  5.  6.  3)  hold  approximately  30  microfiche  per  side  in  single 
frames  or  60  microfiche  per  side  in  double  frames  in  ladder-type  pockets 
which  leaves  only  the  heading  visible.  Thus,  the  maintenance  technician 
usually  can  quickly  read  all  headings  without  handling  the  microfiche. 

Color  Coding  -  Color  can  be  used  in  addition  to  the  header  coding  when  the 
eye-legible  technical  manual  number  and  title  are  inadequate  for  quick 
retrieval.  Color  can  be  inexpensively  used  for  coding  microfiche  by  the 
following  two  methods.  First,  there  are  several  types  of  film  bases  which 
require  no  special  developing  techniques  or  equipment  to  produce  tinted 
microfiche.  There  are  more  than  10  different  colors  available.  For 
example,  classified  material  may  be  placed  on  colored  microfiche.  The 
image  would  appear  in  color  in  the  viewing  equipment.  The  second  method 
is  silk- screening.  Black  or  color  stripes  may  be  placed  at  any  desired 
standard  location  on  the  fiche.  A  pre-cut  silk  screen  the  size  of  a  standard 
microfiche  can  be  used  for  this  coding.  A  paint, of  the  color  desired  for  tlie 
code,  can  be  brushed  or  sprayed  onto  the  silk  screen. 

Mechanical  Coding  -  A  standard  size  microfiche  has  a  ^mm  border.  Holes 
of  varying  shapes  may  be  punched  in  those  borders  easily  with  ine.xponsive 
equipment.  Notches  may  also  be  used  for  "finger"  or  "eyeball"  searching 
for  specific  microfiche.  Paragraph  4.2.3  describe.^  the  "Sclectriever" 
automatic  mechanical  retrieval  system  (3.5  round  holes  along  bottom  edge 
of  film  card). 

The  above  coding  methods  may  be  combined  to  identify  unique  microfiche 
maii^onance  information  systems  tailored  to  specific  system/ equipment 
configurations  and  types. 
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APPENDIX  B 

MICROFICHE  CHARACTERISTICS  CHECKLIST- 
TECHNICAL  MANUAL  PROGRAMS 


Volume  and  weight 
reduction 


Retrlevability 

Cost  to  produce 

Ease  of  correction  and 
updating 


Flexibility  of  format 


Speed  of  production 


Speed  of  distribution 


Approximately  97  percent.  10, 000  letter- 
size  pages  weighing  47  pounds  reduce  to 
100  fiche  weighing  less  than  1  pound. 

Excellent  due  to  effective  indexing  and 
convenient  accessibility. 

Approximately  14  cents  per  fiche  copy  in 
volume  production,  $6.  41  each  for  masters. 

Excellent.  Only  a  portion  of  one  fiche  will 
normally  need  to  be  rephotographed  as 
compared  to  rephotographing  up  to  2600 
pages  of  roll  film  to  make  a  correction. 

Low  cost  permits  economical  production  of 
complete  documentation  units  specifically 
tailored  to  each  unique  equipment  configuration. 

Superior.  Related  material  can  be  arranged 
in  adjacent  frames  for  convenience  in 
troubleshooting  and  repair.  Reference  data 
can  be  Included  to  eliminate  cross  referencing. 

Extra  long  and  extra  wide  Illustrations 
(usually  schematics)  can  be  filmed  as  a  whole 
and  stripped  Into  appropriate  area  on  fiche. 

Superior.  Assuming  camera  ready  copy, 
fiche  masters  and  copies  can  be  made  in 
24  hours  or  less  (duplicates  one  a  minute). 

Superior.  Fiche  copies  can  be  air  mailed 
at  same  or  less  cost  than  books  can  be 
mailed  4th  class.  Fiche  cost  and  convenience 
of  mailing  has  advantage  over  roll  film,  which 
requires  packaging. 


Usage  For  maximum  effectiveness,  viewers  designed 

,  for  fiche  are  required.  However,  fiche  can  be 
read  with  hand  magnifying  glass,  hand  viewer, 
or  aperture  card  Weurer. 

Hardcopy  compatibility  Highly  legible  fiill  size  copy  can  be  produced 

at  cost  ranging  from  3  cents  to  8  cents  per 
page  of  copy. 

Source!  U.  S.  Army  MICROM  Program 


4*«t  tt%i  trv.  i.ti 


SHEET  253 


use  eon  Tveeww  material  ohly 


NUMBER  D2-125717-3 

TM«  ^iFJEMC  COMPANY  REV  LTR 


APPENDIX  C 

VENDOR  CONTACTS 

Technical  information  from  the  following  companies  was  reviewed  for  this 

study.  This  information  is  filed  in  the  ASG  Logistics  Engineering 

Information  Center  (2  -5042). 

Admaster 

Klitten 

Audiscan 

Ken  Cook 

AMF 

Litton  Industries  -  AMECON  Division 

Atlantic  Microfilm 

Lockheed 

Bell  &  Howell,  Micro-Data  Division 

Magnavox 

Benson-Lehner 

Martin- Marietta 

Berkey  Technical 

Mast  Development 

Brown  Engineering  (Teledyne) 

Merganthaler  Linotype 

Bunker- Ramo 

M  cDonnell  -  Dougl  as 

Burroughs 

Microform  Data  Systems 

Conductron  -  Missouri 

Microformation  Systems  (Micromation 

Decision-  Systems 

Technology) 

Dennison  Readex 

Mosler  Information  Systems 

Dorsett  Educational  Systems 

3-M 

Dukane 

National  Cash  Register 

Eastman  Kodak 

Norelco 

Educational  Computer 

Peripheral  Technology 

Eugene  Dietzgen 

Photomechanisms 

FMA 

RCA  -  Graphics  Systems  Division 

General  Dynamics 

Readex  Microprint  (Dennison) 

General  Electric  -  Electronic 

Remington  Rand  (Sperry  Rand) 

Systems  Division 

Sanders  Associates /Diebold 

General  Precision  -  Link  Group 

Stromberg  Datagraphics  (General 

Grumman 

Dynamics) 

Hughes  Aircraft 

Taylor-Merchant 

IBM 

Washington  Scientific  Industries 

Image  Systems  (Houston  Fearless) 

Western  Reserve  Electronics 

Information  Handling  Services 

Western  Electric 

ITEK 

Westinghouse  -  Surface  Division 

Kalart 

(Sperry  Rand) 

Univac  (Federal  Systems  Division) 
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APPENDIX  D 

SOURCES  OF  BACKGROUND  INFORMATION 

Organizations  and  individuals  active  or  interested  in  microformatted 
technical  manual  approaches  and  in  improving  job  performance  aids 
and  maintenance  information  presentation  systems  include  the  following. 
An  asterisk  after  a  name  indicates  that  this  individuaTwas  contacted, 
during  this  study. 

AIR  FORCE  HUMAN  RESOURCES  LABORATORY 
WRIGHT- PATTERSON  AIR  FORCE  BASE.  OHIO  45433 

Dr.  J.  P.  Foley,  Jr.  * 

Dr.  R,  L.  Morgan 

APPLIED  SCIENCE  ASSOCIATES 
VALENCIA,  PENNSYLVANIA  16059 

Dr.  J.  D.  Folley 
Dr.  T.  Elliott 

AUTONETICS,  A  DIVISION  OF  NORTH  AMERICAN  AVIATION,  INC. 

3370  MIRALOMA 

ANAHEIM,  CALIFORNIA  92803 

Dr.  K.  S.  Teel 
Dr.  F.  B.  Chaney 

DOD  (I&L) 

DIRECTOR  FOR  TECHNICAL  DATA,  STANDARDIZATION  POLICY 
AND  QUALITY  ASSURANCE 

Capt.  J.  Patrick  Carr,  USNR  * 

,  Norbert  Lester* 

DEFENSE  MAINTENANCE  POLICY 

Capt.  J.  V.  Hart,  USN 

HQ.  USAF 

SYSTEMS  &  LOGISTICS 

DIRECTORATE  OF  MAINTENACE  ENGINEERING 
PLANS  AND  PROGRAM  DIVISION* 

HQ.  AFLC 

TECHNICAL  DATA  SYSTEMS  BRANCH  CHIEF 
WRIGHT-PATTERSON  AFB 


Joseph  A.  Andt 
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HQ/AFSC,  DIRECTOR  OF  LABORATORIES 
AF  HUMAN  RESOURCES  LABORATORY 

Mel  Snyder/ HR TR 
(Training  Research  Division) 
(WRIGHT-PATTERSON  AFB) 

HQ/NAVAL  MATERIEL  COMMAND 
MAIN  NAVY  BUILDING  (MAT  032  5D) 

WASHINGTON,  D,  C.  20360 

Arthur  R.  Hinkley 

(Technical  Infoi  mation  Systems  Analyst) 

LETTERKENNY  ARMY  DEPOT 

ATTN:  AMXLE-NPGI 

CHAMBERSBURU,  PENNSYLVANIA  17201 

William  J.  Marks 
Julius  Jacko* 

LITTON  SYSTEMS 

ADVANCE  MARINE  TECHNOLOGY  DIVISION 

P.  Ingraham* 

MARINE  CORPS 

HQ.  MARINE  CORPS,  DC/S  AIR 

(AVIATION  SUPPLY) 

Lt.  Col.  Loomis  L.  Dement 

MARINE  CORPS 

HQ.  MARINE  CORPS,  DC/S  AIR 

(AVIATION  MAINTENANCE) 

Lt.  Col.  Thomas  E.  Jordon 

NAVAL  SHIP  ENGINEERING  CENTER 
18th  &  CONSTITUTION  AVENUE 
WASHINGTON,  D.  C. 

Arthur  S.  Childers 

(Connguratlon  &  Technical  Data  Manager) 
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NAVY,  HQ.  CNM  (MAT  C431) 

MAIN  NAVY  BUILDING,  ROOM  1026 
WASHINGTON,  D.  C.  20360 

W.  Cprcoran* 

William  J.  O’Hern* 

(Technical  Data  Branch) 

TECHNICAL  DOCUMENT  MANAGEMENT  DEPARTMENT 
NAVAL  WEAPONS  SERVICES  OFFICE 
PHILADELPHIA,  PENNSYLVANIA  19112 

Charles  J.  Shookster 
(Assistant  for  Special  Programs) 

TECHNICAL  SUPPORT  DIRECTORATE 
U.  S.  ARMY  ATTN;  SMUEA-TSE-TP 
EDGEWOOD  ARSENAL,  MARYLAND  21010 

Leroy  F.  Antetomaso 

(Chief,  Technical  Publications  Branch) 

THE  JOHN  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
8621  GOERGIA  AVENUE 
SILVER  SPRING,  MARYLAND  20910 

Charles  L.  Towle 

THE  MATRIX  CORPORATION 
PERSONNEL  OPERATIONS  RESEARCH  DIVISION 
421  KING  STREET 
ALEXANDRIA,  VIRGINIA  22314 

Dr.  Edgar  L.  Shriver* 

NAVAL  AIR  SYSTEMS  COMMAND 
(AIR  4141) 

Cdr.  A.  R.  Schuknccht 
TUFTS  UNIVERSITY 

HUMAN  ENGINEERING  INFORMATION  AND  ANALYSIS  SERVICE 
MEDFORD,  M.ASSACHUSETTS  02155 

i 

Dr.  Paul  G.  Ronco'S' 
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UNIVERSITY  OF  SOUTHERN  CALIFORNIA.  UNIVERSITY  PARK 
LOS  ANGELES.  CALIFORNIA  90007 

Dr.  J.  W.  Rigney 

(Electronics  Personnel  Research  Group) 

U,  S.  ARMY 

DEPARTMENT  OF  ARMY.  DCSLOG 
Ben  F.  Wilkes 

U.  S.  ARMY  AVIATION  SYSTEMS  COMMAND 
P.  O.  BOX  209 

ST.  LOUIS,  MISSOURI  63166 
Edwin  B.  Murphy* 

(Chief,  Technical  Publications  Division) 

U.  S.  ARMY  ELECTRONICS  COMMAND 

ATTN:  AMSEL-ME-NMP-EM 

FORT  MONMOUTH.  NEW  JERSEY  07703 

Edward  Kronisch* 

U.  S.  ARMY  MATERIEL  COMMAND 
ATTN:  AMCMA-ST/1 
WASHINGTON,  D.  C. 

P.  E.  Burns 
R.  L.  Taylor* 

U.  S.  ARMY  MISSILE  COMMAND 
REDSTONE  ARSENAL,  ALABAMA  35809 

Roland  Guard* 

Edwin  M.  Hart 
John  R.  Wiggins 

U.  S.  ARMY  MOBILITY  EQUIPMENT  COMMAND 
ATTN:  AMSME-MPB 
4300  GOODFELLOW  BOULEVARD 
ST.  LOUIS,  MISSOUR  63120 

R.  L.  Thompson 
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U.  S.  ARMY  MUNITIONS  COMMAND 
ATTN:  AMSMU-SM-MC 
DOVER,  N.  J.  07801 

S.  Coniglio 

U.  S.  ARMY  TANK-AUTOMOTIVE  COMMAND 
ATTN:  AMSTA-TP 
WARREN,  MICHIGAN  48090 

C.  Pajewski 

U.  S.  ARMY  WEAPONS  COMMAND 

ATTN;  AMSWE-SMM-P 

ROCK  ISLAND,  ILLINOIS  61201 

D.  DeTaeye 

U.S.  COAST  GUARD/ HQ. 

TECHNICAL  SERVICES  BRANCH 
ELECTRONICS  ENGINEERING  DIVISION* 

U.  S.  COAST  GUARD  HEADQUARTERS 
WASHINGTON,  D.  C.  20226 

U.  S.  NAVAL  PERSONNEL  RESEARCH  ACTIVITY,  POINT  LOMA 
SAN  DIEGO,  CALIFORNIA  92106 

Dr.  E.  E.  Dudek 
(Technical  Director) 

Dr,  E.  I.  Jones 

(Director,  Training  Research  Laboratory) 

U.  S.  NAVY  TRAINING  DEVICE  CENTER 
ORLANDO  AIR  FORCE  BASE 
ORLANDO,  FLORIDA 

John  D.  Armstrong 

(Head,  Training  Applications  &  Publications 
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APPENDIX  E 


BOEING  TECHNICAL  MANUAL  MICROFILM  PROGRAM 


The  Boeins  Commercial  Airplane  Group  In  I96S  converted  its  huge 
library  of  printed  manuals  of  over  18,000  volumes  to  a  l6injn 
microfilm  system.  The  following  statistics  and  illustrations 
clearly  indicate  that  the  printed  manuals  Boeing  used  in  I968 
presented  a  difficvilt  storage  and  distribution  problem.  These 
statistics  are  for  the  707 »  720,  727  arid  737  aircraft.  The  747 
aircraft  technical  manual  microfilm  program  was  implemented  in 
the  second  half  of  19^9. 


APPROXIMATE  MANUAL-  DISTRIBUTION 


mm 


•6  Complete  Libraries 
•Field  Service  Reps 
•Projects,  etc. 


3400  Volumes 
9400  ” 

5525  •  •• 

375 

135  " 


Illustrated  Parts  Manuals 
V/lrlng  Diagrams  Manuals 
I'Jilntenancs  Manuals 
Ove  r ha  ul  Ma  nual  s 
Structural  Repair  M.anuals 


A  complete  printed  manual  library 
Is  a  rov;  of  chslvlr.g  45  feet  long 
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Figure  E-1  shoves  the  microfilm  process  employed,  •  The  Publica¬ 
tions  Group  produces  and  maintains  a  master  paste-up  copy  of 
each  manual.  They  furnish  a  camera-ready  master,  complete  and 
In  correct  sequence  to  the  Administrative  Services  Microfilm  . 
Group  In  accordance  with  established  filming  schedules.  A 
master  copy  of  the  cartridge  label  and  the  cartridge  Indexes, 
less  odometet  readings,  are  also  furnished.  The  Microfilm 
Group  produces  the  microfilm  and  distributes  the  cartrldged 
film  In  accordance  with  schedules  and  listings  provided  by  the 
Publications  Group.  The  Microfilm  Group  determines  the  proper 
odometer  readings  for  each  roll,  adds  such  readings  to  the  In¬ 
dex  label,  reproduces  the  labels  and  affixes  the  labels  to  the 
loaded  cartridges.  The  camera  film  and/cr  working  masters 
(second  generation  film)  are  maintained  until  replaced  by  sub¬ 
sequent  revision  film  so  that  additional  duplicate  copies  can 
be  produced  as  needed. 

The  Publications  Group  Is  responsible  for  content,  sequence  and 
legibility  of  the  master  copy  furnished.  The  Microfilm  Group 
Is  responsible  for  the  quality  and  legibility  of  the  microfilm. 
The  l6mm  camera  film  (20:1  reduction  ratio)  must  have  a  resolu¬ 
tion  of  not  less  than  110  lines  per  millimeter. 

Manuals  are  ref lined  and  distributed  every  three  months  to  en¬ 
sure  that  all  users  have  the  most  current  data  available,  in- 

i 

terlm  oycle  revisions  are  distributed  on  paper  as  they  occur. 
The  mlorofllin  system  Improved  communication  between  Boolng^s 

internal  and  field  locations. _ 
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